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SECOND APPLICATION OF THE 
"SUCCESSIVE TRANSFORMATIONS METHOD" TO PREDICT 

THE SAFEST LUNAR LANDING SITE FOR AN ASTRONAUT 

REPORT 3 

By Hector R. Rojas, Ph. D .  

I NTRODUCT I ON 

The purpose of the first application of the "Successive 
Transformations Method" described in the second report was to 
determine, for a manned spacecraft, the optimum landing site 
on the moon. The results obtained, made by extrapolating the 
temperature TO furnished by Surveyor, can be summarized as 
follows: (1) The method is efficient in allowing selection 
o f  the optimurr! l anding  a r e a .  ( 2 )  The z rea  s e l e c t e d  i s  ex ten -  
sive and relatively flat; consequently, it is sufficient to 
allow trine for the difficult landing operation which results 
from the high speed of the spacecraft when reaching the moon. 
( 3 )  The relative temperature obtained is lower than that 
where Surveyor landed. 

In this third report, a second application of the 
"Successive Transformations" is described to determine the 
safest conditions of a given landing site for the astronaut, 
especially in relation to determining the composition of 
the lunar surface material. As a means of accomplishing 
this task, it is the intent of this paper to analyze lunar 
craters since they are present over so much of the lunar 
surface. 
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The c o n c l u s i o n s  reached i n  t h e  second r e p o r t ,  as w e l l  a s  
t h o s e  i n  t h e  t h i r d  r e p o r t ,  a r e  t h e  b a s i s  f o r  a n a l y z i n g  
O r b i t e r  photographs ;  consequen t ly ,  w e  a r e  o b l i g a t e d  t o  
d i s c u s s  f i r s t  some problems r e g a r d i n g  s t e r e o g r a p h i c  measure-  
ments and t h e i r  i n t e r p r e t a t i o n .  The r e a s o n  f o r  t h i s  i s  t o  
a l l o w  comparison of  t h e  a lbedos  de t e rmined  i n  t h i s  r e p o r t  

w i t h  t h o s e  g iven  by t h e  s t a n d a r d  l u n a r  p h o t o m e t r i c  c o n t o u r s  
t o  s e e  how w e l l  t h e  v a l u e s  match when a n a l y z i n g  t h e  O r b i t e r  
photographs .  I n  d i s c u s s i n g  image q u a l i t y ,  w e  need t o  be s u r e  
t h a t  photographs  o f  l a n d i n g  s i t e s  have good c o n t r a s t  s o  t h a t  
t h e y  can  be r e l a t e d  w i t h  d i f f e r e n t  a l b e d o s  o f  t h e  l u n a r  a r e a  
under  examinat ion .  

For example,  we know t h a t  t h e r e  a r e  many c a s e s  i n  l u n a r  
photography i n  which h igh  q u a l i t y  images a r e  r eco rded  f o r  a n  
a r e a  o r  f o r  an e n t i r e  hemisphere bu t  t h e  coverage  i s  
monoscopic.  T h i s  i s  g e n e r a l l y  t r u e  f o r  e a r t h - b a s e d  a s t r o n o -  
mical o b s e r v a t i o n s  where t h e  synchronous r a t e s  of l u n a r  
r e v o l u t i o n  and r o t a t i o n  caused t h e  same hemisphere t o  be 
t u r n e d  toward t h e  o b s e r v e r .  The v a r i a t i o n  of  t h e  d i r e c t i o n  
of p e r s p e c t i v e  due t o  t h e  l u n a r  l i b r a t i o n s  i s  n o t  adequa te  
t o  pe rmi t  s t e r e o g r a p h i c  measurements of  l o c a l  v a r i a t i o n s  i n  
t h e  topography o f  t h e  moon. The O r b i t e r ’ s  low r e s o l u t i o n  
p h o t o g r a p h i c  coverage  h a s . p r o v i d e d  good s t e r e o g r a p h i c  cove rage  

from which topograph ic  measurements can b e  made. T h e i r  
h i g h  r e s o l u t i o n  photographs  sometimes have v e r y  l i t t l e  o v e r l a p ,  
b u t  t h i s  i s  due t o  t h e  photographic  mode s e l e c t e d .  

The method based on measurement and r e d u c t i o n  o f  shadow 
l e n g t h s  has  long  been used as  a means f o r  o b t a i n i n g  r e l a t i v e  
h e i g h t s  of  o b j e c t s ,  b o t h  i n  photogrammetry and i n  l u n a r  
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astronomy.  However, t h e r e  a r e  l i m i t a t i o n s  i n  t h e  a p p l i c a t i o n  
of  t h i s  p rocedure  s ince  it  r e q u i r e s  t h a t  t h e  s l o p e  g r a d i e n t s  
exceed t h e  a n g l e  of  i l l u m i n a t i o n .  When o b s e r v a t i o n s  a r e  made 
a t  t h e  low sun a n g l e s  r e q u i r e d  t o  o b t a i n  t h e  s e n s i t i v i t y  
r e q u i r e d  i n  u s i n g  t h e  shadow method, t h e r e  i s  a g e n e r a l  mask- 
i n g  o f  d e t a i l  i n  t h e  a r e a  because o f  t h e  number and s i z e  o f  
t h e  shadows c a s t .  The a l t e r n a t i v e  approach  t o  t h i s  problem 
has  been t h e  a n a l y s i s  of  t h e  p h o t o m e t r i c  o u t p u t  o f  t h e  l u n a r  
s u r f a c e  under  any g iven  combinat ion o f  o b s e r v a t i o n  and i l l u m i -  
n a t i o n  a n g l e s ,  w i t h  t h e  o b j e c t i v e  o f  i n t e r p r e t i n g  p h o t o m e t r i c  
d i f f e r e n c e s  a c r o s s  a n  a r e a  r e s u l t i n g  from change o f  l o c a l  
s l o p e .  These s l o p e s  can  be  i n t e g r a t e d  a long  t h e  d i r e c t i o n  
o f  i l l u m i n a t i o n  t o  y i e l d  r e l a t i v e  h e i g h t  i n f o r m a t i o n .  

For t h e  a n a l y s i s  o f  t h e  O r b i t e r ' s  pho tograph ic  images,  
which w i l l  be  examined i n  more d e t a i l  i n  a succeed ing  r e p o r t ,  
it w i l l  be n e c e s s a r y  t o  do a r i g o r o u s  e v a l u a t i o n  of  t h e  
i n t e n s i t y  t r a n s f e r  f u n c t i o n  of t h e  camera l e n s  and s e n s o r  
sys tem t o  d e s c r i b e  t h e  f i e l d  p a t t e r n  t h a t  t h e  camera imposes 
upon t h e  observed  scene  b r i g h t n e s s .  P r e s e n t  i n t e r p r e t a t i o n  
o f  l u n a r  topography u t i l i z e s  t h e  a p p l i c a t i o n  of  photometry 
t o  topography through t h e  o b s e r v e r ' s  advance knowledge o f  
what t h e  b r i g h t n e s s  o u t p u t  of t h e  l a n d i n g  s i t e  s u r f a c e  shou ld  
be .  If  v a r i a t i o n  o f  b r i g h t n e s s  i s  found i n  t h e  photograph  o f  
a g i v e n  l a n d i n g  s i t e ,  t h e n  the  o b s e r v e r  must have a t  hand 
t h e  pho tomet r i c  p r o p e r t i e s  o f  t h e  s u r f a c e  m a t e r i a l  under  s t u d y  
t o  p e r m i t  i d e n t i f i c a t i o n  of  t h e  s o u r c e s  of v a r i a t i o n  and t o  
i n t e r p r e t  t h e  i n f o r m a t i o n  q u a n t i t a t i v e l y .  

From a l l  t h a t  has  been d e s c r i b e d ,  one can  s e e  how impor- 
t a n t  it i s  t o  make a j o i n t  a n a l y s i s  o f  t h e  O r b i t e r ' s  p h o t o -  
g raphs  by c o n s i d e r i n g  t h e  fo l lowing  a s p e c t s :  (1) E s t a b l i s h  
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height evaluation differences between images taken from 2 8  

and 238,900 miles, respectively (from Orbiter and from earth). 
(2) Apply the photometry to topographic studies of the landing 
sites to establish analysis of the eventual brightness varia- 
tion. ( 3 )  Use the slope, q/N, from the Surveyor study, second 
report, to help discriminate in the same manner between the 
height evaluation differences mentioned above. The albedos 
obtained from this report will help in the analysis of 
brightness variation described above. By utilizing all 
these data in conjunction with the study of  Orbiter photo- 
graphs, we shall be in a better position to obtain qualitative 
information about any of the landing sites proposed by NASA 
so that a final choice can be made. This is what we intend 
to do at a later time. 

c 

m' 
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Chapter  1 

D E F I N I T I O N  OF THE METHOD FOR ALBEDOS 

The a p p l i c a t i o n  o f  t h e  method o f  "Success ive  
Transformat ions"  f o r  de t e rmin ing  a l b e d o s  r e q u i r e s  a r ev iew 
of  p r e v i o u s  r e p o r t s  d e s c r i b i n g  t h e  method. From Scheme 4 ,  
shown on page A - 4  of  t h e  f i r s t  r e p o r t ,  w e  s h a l l  u t i l i z e  t h e  
s l o p e ,  n / N  , t o  a n a l y z e  t h e  v a r i a t i o n  o f  a l b e d o s  i n  any 
l u n a r  a r e a  from i t s  bo rde r  t o  i t s  c e n t e r .  I n  a s i m i l a r  
manner,  a s  p o i n t e d  o u t  i n  page 9 o f  t h e  second r e p o r t ,  w e  
s h a l l  u se  t h e  d i f f e r e n c e s  found i n  t h e  e f f e c t i v e  t e m p e r a t u r e  
i n c r e m e n t s ,  6To , t o  e s t a b l i s h  r e l a t i v e l y  f l a t  s u r f a c e s ,  
e l e v a t i o n s ,  c r a t e r s  and d e p r e s s i o n s .  I n  o t h e r  words,  i n s t e a d  
o f  making unnecessa ry  computa t ions ,  w e  s h a l l  u s e  t h e  v a l u e s  
of  6 T o  o b t a i n e d  from S u r v e y o r ' s  d a t a  and t h e  c o r r e s p o n d i n g  
v a l u e s  o f  q / N  t o  e s t a b l i s h  t h e  v a r i a t i o n  i n  a l b e d o .  To 
a i d  i n  u n d e r s t a n d i n g  t h i s  method, c o n s i d e r  t h a t  t h e r e  would 
n o t  be an a l b e d o  v a r i a t i o n  en t h e  ZQCR i f  on ly  f l a t ,  smooth 
s u r f a c e s  o f  homogenous composi t ion  e x i s t e d .  S i n c e  t h i s  i s  
n o t  t h e  c a s e ,  w e  have t h e  fo l lowing  f o u r  v a r i a t i o n s :  

t = A I  f o r  r e l a t i v e l y  f l a t  s u r f a c e  ( 9 
x = A 2  f o r  e l e v a t i o n s  ( 9 

z = A 4  f o r  d e p r e s s i o n s  , ( ") 
where A I ,  A 2 ,  A 3  and A 4  r e p r e s e n t  t h e  co r re spond ing  a l b e -  
dos o f  t h e  d i f f e r e n t  t opograph ic  c h a r a c t e r i s t i c s  t ,  x ,  y 
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and z ment ioned above.  However, i n  t h e  case of  t h e  moon, 
t o p o g r a p h i c  r e l i e f  i s  n o t  con t inuous .  That  i s ,  a g i v e n  r e l a -  
t i v e l y  f l a t  s u r f a c e  i s  i n t e r r u p t e d  by c r a t e r s ,  d e p r e s s i o n s  o r  
s m a l l  e l e v a t i o n s .  The same t h i n g  can be s a i d  f o r  mountainous 
f o r m a t i o n s  and l a r g e  c r a t e r s .  A s  a consequence ,  t h e  c h a r a c -  
t e r i s t i c s  t ,  x ,  y and z o f  such  t o p o g r a p h i c  r e l i e f  a r e  
much more complex t o  d e f i n e .  

Procedure  f o r  O b t a i n i n g  Albedos 

To o b t a i n  t h e  c o r r e c t  a lbedos  from t h e  v a l u e s  of  (v/N) 
and & T o  , proceed  i n  t h e  f o l l o w i n g  manner: 

1. S e l e c t  t h e  p o i n t s  o f  i n t e r e s t  on t h e  l u n a r  map f o r  each  
t y p e  of  t opograph ic  r e l i e f  c o n s i d e r e d .  

2 .  Superimpose on t h a t  l una r  map t h e  t r a n s p a r e n t  o v e r l a y  o f  
e f f e c t i v e  t empera tu re  con tour s  ment ioned i n  t h e  second 
r e p o r t .  

1 

3 .  For each  l u n a r  r e l i e f  f e a t u r e  c o n s i d e r e d ,  r e a d  t h e  T o  
from t h e  North t o  t h e  South and from t h e  West t o  t h e  
E a s t  th rough t h e  c e n t e r  o f  t h e  a r e a  where r e a d i n g s  of 
such  To a r e  made. (The c e n t e r  of t h e  a r e a  i s  t h e  
c e n t e r  of t h e  l u n a r  r e l i e f  f e a t u r e . )  Next ,  t a k e  t h e  
d i f f e r e n c e  v a l u e s  o f  6 T o  between Nor th  + South  and 
E a s t  +West r e a d i n g s ;  l e t  us  w r i t e  such  d i f f e r e n c e s  
as 6To  t o  n o t e  t h a t  they be long  t o  e i t h e r  a c e n t r a l  
p o i n t  of  a r e l a t i v e l y  f l a t  s u r f a c e ,  t o  t h e  v e r t e x  of 
a c r a t e r ,  o r  t o  t h e  t o p  of an e l e v a t i o n .  

1 

A 

I 

4 .  When r e a d i n g  t h e  v a l u e  of To on t h e  t r a n s p a r e n t  o v e r l a y  
superimposed on t h e  luna r  map, make n o t e  of  t h e  v a l u e s  
v and N t o  compute the  s l o p e s  ( q / N )  . 

6 



A 
5. With t h e  v a l u e s  ( r l / N )  and 6To f o r  each  l u n a r  

f e a t u r e ,  compute t h e i r  co r re spond ing  a l b e d o s  u s i n g  
t h e  e q u a t i o n s  t h a t  fo l low.  These a l b e d o s  w i l l  be d e s -  
i g n a t e d  A 0  t o  i n d i c a t e  t h a t  t h e y  a re  o b t a i n e d  from T o  
f u r n i s h e d  by Surveyor .  S ince  by d e f i n i t i o n  t h e  e x p r e s s i o n  

&To/; 

l u n a r  s u r f a c e ,  t h e  A 0  i s  an  " e q u i v a l e n t  a lbedo"  
a s  compared w i t h  t h e  a lbedo  which is  measured on e a r t h .  
I n  o t h e r  words,  t h e  " e q u i v a l e n t  a l b e d o  A o "  i s  t h e  remain-  
i n g  s u n l i g h t  which i s  r e f l e c t e d  a f t e r  a f r a c t i o n  of  such  
s u n l i g h t  i s  absorbed  by the  l u n a r  s u r f a c e .  The a lbedo  
measured on e a r t h ,  t h e r e f o r e ,  c o r r e s p o n d s  t o  r e f l e c t e d  
s u n l i g h t .  

co r re sponds  t o  t h e  a b s o r p t i o n  o f  s u n l i g h t  by t h e  

D e f i n i t i o n  o f  "Equiva len t  Albedo A 0 "  
and t h e  Ea r th  Albedo 

To b e t t e r  unde r s t and  t h e  r e s p e c t i v e  d e f i n i t i o n s  o f  t h e  
" e q u i v a l e n t  a lbedo  A o "  and t h e  a l b e d o  measured on e a r t h ,  l e t  
u s  examine Scheme V I  o f  t h i s  r e p o r t  and p o i n t  o u t  t h e  f o l l o w -  
i n g  f a c t s :  (1) A f r a c t i o n  of t h e  s u n l i g h t  i s  absorbed  by 
t h e  l u n a r  m a t e r i a l ,  ( 2 )  Another f r a c t i o n  i s  s c a t t e r e d  by 
t h e  s u r f a c e  i t s e l f  and t h e  importance o f  such  s c a t t e r e d  sun -  
l i g h t  depends on t h e  g r a i n s i z e  and t h e  t o p o g r a p h i c  i r r e g u l a r -  
i t i e s  o f  t h e  l u n a r  s u r f a c e .  (A  more d e t a i l e d  t r e a t m e n t  o f  
t h e  s c a t t e r i n g  of s u n l i g h t  w i l l  be p r e s e n t e d  i n  t h e  n e x t  
r e p o r t . )  (3 )  F i n a l l y ,  t h e  remaining s u n l i g h t  i s  r e f l e c t e d .  

moon encoun te r s  t h e  fo l lowing  m o d i f i c a t i o n s :  (1) A f r a c t i o n  

of t h e  r e f l e c t e d  s u n l i g h t  i s  s c a t t e r e d  by ou r  a tmosphere.  
The d i r e c t i o n  of t h e  r e f l e c t e d  beam i s  mod i f i ed  by t h e  a i r  mass.  

On t h e  o t h e r  hand, t h e  r e f l e c t e d  s u n l i g h t  from t h e  

( 2 )  
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(3)  The s a i d  r e f l e c t e d  s u n l i g h t  s u f f e r s  more i m p o r t a n t  
a tmosphe r i c  a b s o r p t i o n  i n  c e r t a i n  wavelengths  t h a n  i n  o t h e r s ;  
i n  o t h e r  words,  t h e  e a r t h ' s  a tmosphe r i c  a b s o r p t i o n  i s  n o t  
homogenous. 

O b t a i n i n g  "Equiva len t  Albedo A" 
from t h e  To Furnished by Surveyor  

S i n c e  t h e  moon does  n o t  have an  a tmosphere ,  s u n l i g h t  
p e n e t r a t e s  i n t o  t h e  l u n a r  s u r f a c e  t o  a d e p t h  t h a t  depends on 
t h e  wavelength.  T h i s  h a s  been i n d i c a t e d  i n  t h e  g raph  o f  
Scheme V I .  The d e p t h  reached by a g i v e n  wavelength  o f  l i g h t  
depends on t h e  n a t u r e  of t h e  l u n a r  m a t e r i a l .  From t h e  p r a c -  
t i c a l  p o i n t  of  view when making e a r t h - b a s e d  o b s e r v a t i o n s ,  t h e  
l u n a r  s u r f a c e  compos i t ion  of  a g i v e n  a r e a  can  be s t u d i e d  by 
t a k i n g  t h e  c o l o r  i n d i c e s  ( U  - B) , ( B  - V) , e t c .  But i n  view 

o f  t h e  f a c t  t h a t  e a r t h  a tmospher ic  a h s o r p t i n n  v a r i e s  w i t h  t h e  
wavelength ,  i t  i s  b e t t e r  t o  observe  t h i s  phenomenon a t  h i g h  
a l t i t u d e s  (more t h a n  1 0 , 0 0 0  f e e t )  i n  o r d e r  t o  g e t  d a t a  o f  
good q u a l i t y .  

Bes ides  t h e  p e n e t r a t i o n  of  t h e  s u n l i g h t  i n t o  t h e  s u r f a c e ,  
Scheme V I  shows t h a t  i n f r a r e d  energy  a l s o  i s  r a d i a t e d  from t h e  
moon. So t h e  r a d i a t i o n  t h a t  w e  r e c e i v e  from t h e  moon i s  
composed o f  r e f l e c t e d  s u n l i g h t  and the rma l  r a d i a t i o n  produced 
by t h e  moon i t s e l f .  The luna r  t he rma l  r a d i a t i o n  i s  independent  
o f  t h e  n a t u r e  o f  i t s  s u r f a c e  m a t e r i a l s  and depends o n l y  on t h e  
t e m p e r a t u r e  o f  t h e s e  m a t e r i a l s .  For t h i s  r e a s o n ,  i f  any u s e f u l  
i n f o r m a t i o n  i s  t o  be ob ta ined  from Surveyor ,  i t  shou ld  be 
i n  t h e  s p e c t r a l  r e g i o n s  where t h e  thermal  r a d i a t i o n  e f f e c t s  
are  n e g l i g i b l e ,  Under s u n l i t  c o n d i t i o n s ,  t h e  i n t e n s i t y  o f  t h e  
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s u n l i g h t  e q u a l s  t h e  i n t e n s i t y  of  t h e  the rma l  r a d i a t i o n  i n  
t h e  wavelength  r e g i o n  o f  3 microns.  For wavelengths  s h o r t e r  
t h a n  t h i s ,  t h e  s u n l i g h t  is dominant,  b u t  t h e  o p p o s i t e  happens 
i n  t h e  c a s e  of  l o n g e r  wavelengths  and i n f r a r e d  r a d i a t i o n  
p r e v a i l s .  

T h e r e f o r e ,  between o b s e r v a t i o n s  from Surveyor  on t h e  moon 
and t h o s e  made from e a r t h ,  we have t h e  f o l l o w i n g  two d i f f e r -  
e n c e s :  (1) The wavelength r e g i o n  o f  3 microns i s  i m p o r t a n t  
f o r  t h e  " e q u i v a l e n t  a lbedo  A o "  from t h e  To f u r n i s h e d  by 
Surveyor .  (2)  The wavelength r e g i o n  o f  e a r t h - b a s e d  o b s e r v a -  
t i o n s  i s  smaller by 0 . 5  microns t h a n  t h a t  a l r e a d y  mentioned;  
t h i s  i s  due t o  a tmosphere o p a c i t y .  From (1)  and ( 2 ) ,  w e  see 
t h a t  p h o t o m e t r i c  o b s e r v a t i o n s  w i t h  an accu racy  o f  a few p e r -  
c e n t  w i l l  l i m i t  t h e  long  wavelength end o f  a s p e c t r a l  su rvey  
t o  t h e  2-microns r e g i o n  i f  l u n a r  s u r f a c e  t e m p e r a t u r e s  e n a b l e  
c o r r e c t i o n s  such  t h a t  meaningful  d a t a  can be ex tended  t o  abou t  
2 . 5  microns .  Beyond t h i s ,  the  e a r t h ' s  a tmosphere i s  opaque 
t o  abou t  3 . 4  microns  and t h e  l u n a r  r a d i a t i o n  i s  dominant .  
A s  a consequence,  i t  appea r s  t h a t  t h e  p r a c t i c a l  l ong  wavelength  
f o r  e a r t h - b a s e d  o b s e r v a t i o n s  i s  about  2 . 5  mic rons .  

From t h i s  d i s c u s s i o n ,  we see now why T 1  and T,  o f  
Scheme V I  a r e  e q u a l .  We d e a l  o n l y  w i t h  an i n f i n i t e l y  t h i n  
l a y e r  o f  t h e  l u n a r  s u r f a c e  s i n c e  t h i s  i s  t h e  c a s e  o f  t h e  n e a r  
i n f r a r e d  end o f  x = 3 p  . In  t h e  same manner,  w e  see a l s o  
t h a t  t h e  T o  o f  Surveyor  cor responds  t o  i n f i n i t e l y  t h i n  
l a y e r s  o f  t h e  l u n a r  s u r f a c e .  Because of t h i s ,  and s i n c e  t h e  
c a s e  mentioned remains f r ee  of  t h e  s u n l i g h t  p e n e t r a t i o n  i n t o  
t h e  l u n a r  s u r f a c e  t h a t  r e s u l t s  from t h e  v a r i a t i o n  o f  wave- 
l e n g t h ,  w e  can f i n a l l y  w r i t e  as f o l l o w s :  
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b u t ,  s i n c e  T o / T l  = 1 f o r  X = 3p , 

N A - 1  
rl 

t h e n  ( 1 4 )  A. = ( 1 0 0  - & T o )  

With t h e  a p p l i c a t i o n  of e q u a t i o n  ( 1 4 )  t o  t h e  d i f f e r e n t  
l u n a r  r e l i e f s  of  i n t e r e s t ,  we can  compare i t s  e x p o n e n t i a l  
c u r v e  w i t h  t h e  s t a n d a r d  l u n a r  p h o t o m e t r i c  con tour  p r e v i o u s l y  
ment ioned .  We s h a l l  do t h i s  f o r  t h e  " e q u i v a l e n t  a lbedo  A o "  
co r re spond ing  t o  c r a t e r s ,  e l e v a t i o n s  and r e l a t i v e l y  f l a t  
s u r f a c e s  which have been chosen on t h e  l u n a r  map o r  examples 
f o r  t h i s  r e p o r t .  The comparison o f  t h e  A 0  w i t h  t e r r e s t r i a l  
samples ,  however,  w i l l  n o t  be a t t e m p t e d  h e r e  because  of t h e  
d i f f e r e n c e s  between t h e  " e q u i v a l e n t  a lbedo"  and t h a t  o b t a i n e d  
f r o m  e a r t h - b a s e d  o b s e r v a t i o n s .  In  a d d i t i o n ,  a b r i e f  c r i t i c a l  
examina t ion  w i l l  b e  made concern ing  t h e  l a b o r a t o r y  method used  
f o r  measur ing  a lbedos  of  t e r r e s t r i a l  samples .  

1 0  



Chapter  2 

PRESENTATION OF THE RESULTS OBTAINED 
FOR THE "EQUIVALENT ALBEDO A o "  

To s t u d y  t h e  v a r i a t i o n  of " e q u i v a l e n t  a lbedos"  i n  
c r a t e r s ,  a r e g i o n  of t h e  moon w i t h  a q u a n t i t y  of major  
c r a t e r s  has  been chosen i n  o r d e r  t o  b e t t e r  de t e rmine  t h e  
d i f f e r e n c e s  i n  a l b e d o s .  I n  o t h e r  words ,  it was conven ien t  
t o  choose a zone p r e s e n t i n g  good c o n t r a s t  between c r a t e r s  
and r e l a t i v e l y  f l a t  s u r f a c e s  and between t h e s e  r e l a t i v e l y  
f l a t  s u r f a c e s  and o t h e r  e l e v a t i o n s .  The a r e a s  were chosen 
f o r  t h e  s t u d y  w i t h  r e s p e c t  t o  t h e  s e l e n o g r a p h i c  l o n g i t u d e  
of  Surveyor  i n  Western and E a s t e r n  Hemisphere s i d e s  of t h e  
s p a c e c r a f t ,  2 5 "  r e l a t i v e  l o n g i t u d e  and a range  of from 0" 
t o  + 1 2 "  l a t i t u d e .  For  t h e  d i s c u s s i o n  o f  t h e  r e s u l t s  o b t a i n e d  
conce rn ing  t h e  " e q u i v a l e n t  a lbedos  AO)', t h o s e  v a l u e s  r e l a t i n g  
t o  t h e  Western Hemisphere only a r e  g r a p h i c a l l y  r e p r e s e n t e d  
However, comple te  d i s c u s s i o n  i s  g i v e n  of t h e  v a l u e s  c o r r e s -  
ponding t o  t h e  E a s t e r n  Hemisphere and t h e  l u n a r  r e l i e f  
c o n s i d e r e d  f o r  t h i s  i s  i n d i c a t e d  i n  F i g u r e  1 4 .  

As shown by Scheme VIIa ,  t h e  s i z e  of c r a t e r s  has  been 
a r b i t r a r i l y  d e f i n e d  w i t h  t h e  a d j e c t i v e s  "minute ,  v e r y  s m a l l ,  
s m a l l e r ,  s m a l l ,  medium, l a r g e ,  l a r g e r  and l a r g e s t " .  The 
minu te  c r a t e r  i s  d e f i n e d  i n  t h i s  r e p o r t  a s  t h e  l e a s t  v i s i b l e  
p o i n t  s een  w i t h  a m a g n i f i e r  on t h e  l u n a r  map used .  I n  o t h e r  
words,  t h e  d i a m e t e r s  g i v e n  i n  Scheme VI Ia  f o r  t h e  c r a t e r s  
co r re spond  t o  t h e  d i f f e r e n c e  r e a d  on t h e  r e f e r e n c e  map between 
t h e  Western and E a s t e r n  bo rde r s  o f  c r a t e r s ;  such  d i f f e r e n c e  
f o r  t h e  d i a m e t e r s  has  been c a l c u l a t e d  i n  minu tes  o f  a r c  and 
t r a n s l a t e d  i n t o  m i l e s .  This  l a t t e r  d imens ion  has  been d e r i v e d  
by adop t ing  a l u n a r  d iameter  equa l  t o  2 , 1 6 0  m i l e s .  Fol lowing  
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t h e  i n s t r u c t i o n  g iven  i n  s t e p  3 of  t h e  P rocedure  f o r  O b t a i n i n g  
Albedos ,  t h e  60 v a l u e s  have been deducted  from t h e  e f f e c t i v e  
t e m p e r a t u r e  c o n t o u r  t r a n s p a r e n t  m a s t e r  i n  t h e  f o l l o w i n g  way. 

A s  i n d i c a t e d  i n  Scheme VIIb ,  T i  h a s  been f i r s t  r e a d  from 
t h e  Nor th  t o  t h e  South  and  then  from t h e  E a s t  t o  t h e  West. How- 
e v e r ,  t o  o b t a i n  optimum p r e c i s i o n s  o f  r e a d i n g s ,  a d d i t i o n a l  TG 
v a l u e s  have a l s o  been r e a d  from NW t o  SE and from NE t o  
SW . In  t h i s  manner, a f i r s t  d i f f e r e n t i a l  was o b t a i n e d  w i t h  
t h e  i n t e g r a t i o n  of  v a l u e s  N + S and E -+ W w h i l e  t h e  second 
d i f f e r e n t i a l  was o b t a i n e d  w i t h  s i m i l a r  i n t e g r a t i o n  o f  v a l u e s  
NW -+ SE and NE + SW . A mean f o r  6To h a s  been adop ted  from 
t h e s e  two d i f f e r e n t i a l s .  Also ,  t o  d e f i n e  a s  w e l l  a s  p o s s i b l e  
t h e  t e m p e r a t u r e  v a r i a t i o n  on t h e  s u r r o u n d i n g  ne ighborhood o f  
c r a t e r s ,  t h e  r e a d i n g s  o f  TG were made one d e g r e e  beyond t h e  
rims i n  l o n g i t u d e  and i n  l a t i t u d e .  Th i s  p r o c e d u r e  e n a b l e s  t h e  
d i s c r i m i n a t i o n  of  t h e  t e m p e r a t u r e  v a l u e s  c o r r e s p o n d i n g  t o  
c r a t e r s  v a r y i n g  i n  s i z e .  For t h e  l a r g e r  c a t e g o r i e s  o f  c r a t e r s ,  
c o n t a i n i n g  an  e x t e n s i o n  o f  r e l a t i v e l y  f l a t  s u r f a c e  and small 
e l e v a t i o n s  i n s i d e ,  t h e  f o l l o w i n g  p r o c e d u r e  was f o l l o w e d :  

A 

1. Cons ide r ing  t h e  c e n t e r  a s  a p o i n t  on t h e  r e l a t i v e l y  f l a t  
s u r f a c e ,  t h e  TG v a l u e s  were r e a d ,  as i n d i c a t e d  above ,  
go ing  from one d e g r e e  beyond t h e  rims, t h r o u g h  t h e s e  rims, 
t o  t h e  c e n t e r  of  t h e  c r a t e r .  

2 .  For t h e  rims, a s  w e l l  as t h e  s m a l l  i n n e r  e l e v a t i o n s ,  t h e  
TG v a l u e s  which co r re spond  t o  t h e  t o p  and t o  t h e  bot tom 
of  t h e  c r a t e r s  were c o n s i d e r e d  as a f u n c t i o n  o f  t h e  w i d t h  
i n d i c a t e d  on t h e  l u n a r  map u s e d .  
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A f t e r  e s t a b l i s h i n g  t h e  d i f f e r e n c e s  between r e l a t i v e l y  
f l a t  s u r f a c e s  and e l e v a t i o n s ,  a f i n a l  e v a l u a t i o n  was 
made of t h e  average by t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  
i n n e r  d e p r e s s i o n  of t h e  c r a t e r ,  T h i s  f i n a l  e v a l u a t i o n  
i s  t h e  6 0  adopted  f o r  t h e  c e n t e r .  

As i n d i c a t e d  i n  Scheme VIId,  a number o f  c i r c l e s  f o r  t h e  
TG i n  t h e  c a s e  of c r a t e r s  w i t h  ex tended  and nonextended 
r i m s  were c o n s i d e r e d .  

For a t o t a l  o f  4 1 2  c r a t e r s  i n  t h e  E a s t e r n  Hemisphere of 
Surveyor ,  t h e  r e s u l t s  r e l a t i n g  t h e  " e q u i v a l e n t  a lbedos  A O ' '  

of c r a t e r  c e n t e r s  a r e  p r e s e n t e d  i n  Tab le  3 .  I n  o r d e r  t o  
b e t t e r  f o l l o w  t h e s e  c r a t e r s  when examining F i g u r e  1 4 ,  t h e i r  
enumera t ion  i n  t h i s  f i g u r e  i s  r e p e a t e d  i n  t h e  f i r s t  column 
of Table  3 .  This  column i s  fo l lowed by a second column g i v i n g  
t h e  co r re spond ing  a r b i t r a r y  d e f i n i t i o n  o f  d i a m e t e r ,  shown i n  
Scheme V I I a .  I n  t h e  same manner, L11b11 *-e---+;*?- L b z i y b L L I Y b  J b L b l L U  P A ' - - - -  
g r a p h i c a l  c o o r d i n a t e s  have been added.  The f i f t h  column g i v e s  
t h e  s l o p e ,  v / N  , w h i l e  t h e  s i x t h  g i v e s  t h e  TG o b t a i n e d  f o r  
t h e  v e r t e x  of  c r a t e r s .  The l u n a r  m a t e r i a l  a b s o r p t i o n  i s  g i v e n  
by t h e  s e v e n t h  column and the  l a s t  column g i v e s  t h e  "equ iva -  
l e n t  a lbedo  A O l t  a s  o b t a i n e d  from e q u a t i o n  ( 1 4 ) .  The word 
" range"  used  i n  t h a t  l a s t  column i n d i c a t e s  t h a t  t h e  A O ' S  

been o b t a i n e d  accord ing  t o  s t e p  3 mentioned above.  F i n a l l y ,  
t h e  names of some known c r a t e r s  have been i n d i c a t e d .  

have 

R e s u l t s  a r e  g iven  i n  Table  4 f o r  t opograph ic  e l e v a t i o n s .  
The d e f i n i t i o n  adopted  h e r e  f o r  e l e v a t i o n  i s  any k ind  o f  l u n a r  
f e a t u r e  which r i s e s  above t h e  r e l a t i v e l y  f l a t  s u r f a c e  l e v e l ,  
i n c l u d i n g  rims o f  c r a t e r s ,  r i d g e s ,  small h i l l s  and mounta ins .  
Some of t h e  c r a t e r  rims a r e  s p e c i f i c a l l y  mentioned i n  Tab le  4 
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i n  o r d e r  t o  s t u d y  t h e  d i f f e r e n c e s  i n  c o m p o s i t i o n ,  i f  any ,  
o f  t h e  major  c r a t e r s  l o c a t e d  i n  t h e  E a s t e r n  Hemisphere o f  
Surveyor .  With r e g a r d  t o  t h e  r e l a t i v e l y  f l a t  s u r f a c e ,  t h e  
l u n a r  a r e a s  have been s e l e c t e d  t o  a v o i d ,  a s  much as  p o s s i b l e ,  
c l u s t e r s  o f  v e r y  s m a l l  c r a t e r s ;  a l s o ,  a r e a s  where small r i d g e s  
a r e  s u s p e c t e d  t o  be p r e s e n t  were avo ided .  An example o f  t h i s  
p r o c e d u r e  i s  mentioned i n  F igu re  1 4 ,  p o i n t  NO41 . The r e s u l t s  
p e r t a i n i n g  t o  t h e  r e l a t i v e l y  f l a t  s u r f a c e  a r e  g i v e n  i n  Tab le  5 .  

The g r a p h i c a l  r e p r e s e n t a t i o n  o f  " e q u i v a l e n t  a lbedos"  f o r  
t h e  c e n t e r  o f  c r a t e r s  i s  g iven  i n  F i g u r e  1 0 .  The o r d i n a t e  of  
t h i s  f i g u r e  r e p r e s e n t s  t h e  p e r c e n t  o f  such  a l b e d o s  wh i l e  t h e  
a b s c i s s a  r e p r e s e n t s  t h e  co r re spond ing  p e r c e n t  o f  t h e  a b s o r p -  
t i o n  ( N / Q )  6To . A s  i n d i c a t e d  on F i g u r e  1 0 ,  many o f  t h e  
f i g u r e s  r e p r e s e n t i n g  t h e  r e s u l t s  a r e  n o t  p l a c e d  on t h e  expo-  
n e n t i a l  c u r v e .  The c u r v e  i s  n o t  l a r g e  enough t o  c o n t a i n  a l l  
r e s u l t s  from t h e  4 1 2  c r a t e r s  s t u d i e d .  T h i s  i s  a l s o  t h e  r e a s o n  
why many v a l u e s  f o r  c r a t e r s  have been p l a c e d  i n  t h e i r  c o r r e s -  
ponding  r a n g e  o f  v a r i a t i o n  i n s t e a d  o f  t h e i r  e x a c t  p o s i t i o n  on 
t h e  c u r v e .  Concerning t h e  r e l a t i v e l y  f l a t  s u r f a c e  and e l e v a -  
t i o n s ,  t h e  g r a p h i c a l  r e p r e s e n t a t i o n  o f  t h e i r  v a l u e s  i s  g i v e n  
i n  F i g u r e s  11 and 1 2 ,  r e s p e c t i v e l y .  However, i n  t h e  c a s e  Of  

t h e  r e l a t i v e l y  f l a t  s u r f a c e ,  on ly  t h e  r a n g e  0 . 3 0 0  < A0 < 0 . 7 0 0  
i s  g r a p h i c a l l y  r e p r e s e n t e d  i n  o r d e r  t o  keep t h e  o r d i n a t e  s c a l e  
used  i n  t h e  o t h e r  f i g u r e s .  

A 

I n  o r d e r  t o  f a c i l i t a t e  t h i s  d i s c u s s i o n ,  two extreme c a s e s  
found f o r  c r a t e r s  and r e l a t i v e l y  f l a t  s u r f a c e s  d u r i n g  t h e  
f i r s t  a n a l y s i s  o f  t h e  O r b i t e r ' s  pho tographs  a r e  e x p l a i n e d .  
The f i r s t  of  t h e s e  c a s e s  concerns  some o f  t h e  s m a l l  c r a t e r s  
s i t u a t e d  on a r e l a t i v e l y  f l a t  s u r f a c e .  T h e i r  " e q u i v a l e n t  
a l b e d o s "  a re  found t o  be  almost  e q u a l  t o  100%.  The n o t a t i o n  
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Some examples  o f  t h e  Cases  Ar and As a r e  shown i n  t h e  
i l l u s t r a t i o n  below. 

: t h e  c l o s e  ne ighborhood o f  small c r a t e r s  i s  t o o  b r i g h t .  

: t h e  ne ighborhood i s  da rkened .  
Ar 

As 
t 
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h 
i s  s i m p l i f i e d  by w r i t i n g :  Ar/lOOz(N/q) 6 T o  . The Ar 
i s  t o  d i s t i n g u i s h  t h i s  p a r t i c u l a r  v a l u e  o f  A. and t h e  
symbolic  e q u a l i t y  i n d i c a t e s  t h a t  t h e  a b s o r p t i o n  i s  r e a c h i n g  
i t s  minimum. The o t h e r  c a s e  concerns  t h e  r e l a t i v e l y  f l a t  
s u r f a c e  c l o s e  t o  s m a l l  c r a t e r s  which can  be  e x p r e s s e d :  
Ar rAsg(N/~)  6 T o  . The Ar being t h e  v a l u e  a l r e a d y  ment ioned ,  

i s  t h e  n o t a t i o n  used  t o  d i s t i n g u i s h  t h e  A, c o r r e s p o n d i n g  
t o  t h i s  second c a s e  from t h e  f i r s t  one .  The symbolic  e q u a l i t y  
means t h a t  b o t h  Ar and As a r e  r e a c h i n g  t h e  same minimum 
a s  t h e  a b s o r p t i o n .  

A 

AS 

The p i c t u r e  above shows some examples o f  t h e  two c a s e s ,  
Ar and As . T h i s  p i c t u r e  i s  a r e p r o d u c t i o n  o f  an  O r b i t e r  I 1  
photograph  showing a l a r g e  a r e a  o f  t h e  c r a t e r  Marius  on t h e  
l u n a r  h o r i z o n .  The e a s t e r n  neighborhood of  t h i s  a r e a  o f  Marius  
i s  n o t  t o o  f a r  from t h e  l a n d i n g  s i t e  s e l e c t e d  from t h e  s l o p e  
s u g g e s t e d  by F i g u r e  1 i n  t h e  f i r s t  r e p o r t ,  t a k i n g  a s  r e f e r e n c e  
L I I ~  s i t e  where Surveyor  l anded .  The c o ~ i t r a s t  o f  the  p h o t o -  
graph  i s  good enough t o  show c l e a r l y  t h e  two c a s e s ,  
As . The c r a t e r s  i n d i c a t e d  by Ar a r e  t o o  b r i g h t  i n  comparison 
w i t h  t h e  n e x t  su r round ing  a r e a .  With r e g a r d  t o  t h e  p o i n t s  

As , t h e  f i g u r e  shows t h a t  t h e  r e l a t i v e l y  f l a t  s u r f a c e  n e a r  t h e  
c r a t e r s  seems t o  be  v e r y  d a r k  i n  comparison w i t h  t h e  subsequent  
da rken ing  due t o  t h e  shadows on a r e a s  c l o s e  t o  s m a l l  h i l l s  
and r i d g e s .  Both c a s e s  a r e  abundant o n l y  i n  a r e a s  where t h e  
e f f e c t i v e  t e m p e r a t u r e  c o n t o u r s  show i r r e g u l a r  s h a p e s .  

*I- 

Ar and 
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Chapter  3 

ANALYSIS OF THE "EQUIVALENT ALBEDOS A 0  " OBTAINED 

In  F i g u r e  1 0 ,  t h e  A0 o b t a i n e d  f o r  t h e  c e n t e r s  of c r a t e r s  
p r o v i d e s  i n t e r e s t i n g  i n f o r m a t i o n  a b o u t  t h e  d i s t r i b u t i o n  of  
c r a t e r s .  Upon examinat ion  of t h e  l u n a r  map o f  F i g u r e  1 4 ,  one 
n o t i c e s :  (1)  The major and o t h e r  s i g n i f i c a n t  c r a t e r s  do n o t  
seem t o  be randomly d i s t r i b u t e d  on t h e  s u r f a c e .  Al though it 
i s  d i f f i c u l t  t o  w e l l  d e f i n e  such a d i s t r i b u t i o n ,  t h e  g e n e r a l  
i m p r e s s i o n  i s  t h a t  t h e  d i s t r i b u t i o n  of c r a t e r s  a p p e a r s  t o  

f o l l o w  a n  e x p o n e n t i a l  c u r v e  which i s  a l s o  fo l lowed  by o t h e r  

l e s s  i m p o r t a n t  c r a t e r s  i n  s i z e  a s  w e l l  as  i n  shape .  ( 2 )  The 
r a n g e  s i z e  of c r a t e r s  go ing  from "minute" t o  " sma l l e r "  d o e s  n o t  
seem t o  f o l l o w  any d e f i n i t e  d i s t r i b u t i o n .  
one n o t i c e s  o n l y  t h a t  t h e  s i z e s  r a n g i n g  from "very smal l ' '  
t o  " s m a l l e r "  c r a t e r s  a r e  o f t e n  grouped around t h e  b i g g e r  o n e s ;  
one s e e s  them i n  a r e l a t i v e l y  abundant  q u a n t i t y  between 
mgtmtains  o r  forming  a c h a i n  with r i d g e s .  (31  "Minute" 
c r a t e r s  a r e  randomly d i s t r i b u t e d  a c r o s s  t h e  r e l a t i v e l y  f l a t  
s u r f a c e s  of t h e  moon. 

I n  t h i s  r e g a r d ,  

The A 0  of F i g u r e  1 0  shows a v e r y  n e a t  d i s t r i b u t i o n  of  
l u n a r  c r a t e r s .  Such a d i s t r i b u t i o n  can  be  d e s c r i b e d  i n  t h e  
f o l l o w i n g  way: (1) There i s  a f a m i l y  of c r a t e r s  composed 
of  groups  I ,  I1 and 111. I n  t h i s  f a m i l y ,  t h e  i n n e r  m a t e r i a l  
o f  c r a t e r s  i s  r e f l e c t i n g  more s u n l i g h t  t h a n  i t  i s  a b s o r b i n g  and 
t h e  q u a n t i t y  of r e f l e c t e d  s u n l i g h t  i s  i n c r e a s i n g  v e r y  f a s t  

from t h e  c r a t e r s  of group 11. There  i s  a v e r y  s l i g h t  
s e p a r a t i o n  between t h e  end of group I V  and t h e  beg inn ing  of  
group 111, b u t  t h i s  s e p a r a t i o n  i s  v e r y  n e a t  between t h e  g roups  
I11 and I1 and a l s o  between I1  and I .  Most of  t h e  c r a t e r s  
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forming  t h i s  f a m i l y  be long  t o  group 111. However, t h e r e  does  
n o t  appear  t o  b e  a s i g n i f i c a n t  d i f f e r e n c e  i n  t h i s  r e g a r d  
between t h e  o t h e r  two g roups .  ( 2 )  Another  f a m i l y  i s  formed 
by groups  I V ,  V and V I .  I n  t h i s  c a s e ,  t h e  i n n e r  m a t e r i a l s  
abso rb  more s u n l i g h t  t h a n  i s  r e f l e c t e d  and t h e  q u a n t i t y  of  
such  absorbed  s u n l i g h t  v a r i e s  v e r y  s lowly  from one group 
t o  a n o t h e r .  The s e p a r a t i o n  i s  n e a t  between them and,  from 
t h e  q u a n t i t y  p o i n t  o f  view of c r a t e r s  forming  groups  i n  t h i s  
f a m i l y ,  i t  a p p e a r s  t h a t  group V I  i s  smaller t h a n  t h e  o t h e r  
two g roups .  

For t h e  E a s t e r n  Hemisphere of Surveyor  shown i n  F i g u r e  1 4 ,  
a n  example o f  t h e  d i s t r i b u t i o n  mentioned above i s  p r e p a r e d  a s  
f o l l o w s :  

F i r s t  Family 

Group I : Kepler C .  

Group I1 : Kepler .  

Group I11 : Copernicus ;  Kunowsky and Kunowsky D ;  Encke C ;  

H o r t e n s i u s  B ,  D and s ;  Kepler  D ;  Lansberg K ,  
R and m; Reinhold 8 and 1 0 .  

Second Family 

Group I V  : Encke and Encke B ;  Reinhold and  Reinhold  t ;  
M a e s t l i n ;  Lansberg and Lansberg A ,  A 3 0 ,  B ,  
F and 0 ;  Kepler A ,  A. and B ;  Copern icus  N ,  
20 and 2 7 ;  Hor tens ius  A and r ;  Kunowsky C 
and G O ;  Gambar t  AC and AS; Fra Mauro t .  
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Group V : Fauth ;  Hor t ens ius  and H o r t e n s i u s  E ,  r and s ;  
Encke 3 and D ;  Re inhold  A ,  N and 2 4 .  

Group V I  : Lansberg C and 2 4 ;  H o r t e n s i u s  0 and 0 ;  
Reinhold  K .  

A 

Figure  1 0  shows t h e  c a s e  ( N / q )  6 T o  g As 2 Ar  . The 
v a l u e s  co r re spond ing  t o  some examples f o r  t h i s  c a s e  a r e  i n d i -  
c a t e d  w i t h  t h e  same ova l  a s  was done p r e v i o u s l y  i n  Table  3 .  

A l s o ,  F i g u r e  1 0  shows t h e  example r e p r e s e n t e d  by c r a t e r  2 f o r  
which t h e  A0  i s  r e l a t i v e l y  h igh .  However, t h i s  i s  due t o  
"minute" c r a t e r s ,  such a s  No. 2 ,  randomly d i s t r i b u t e d  on t h e  
r e l a t i v e l y  f l a t  s u r f a c e  of  t h e  moon. 

I n  F i g u r e  11, one s e e s  t h a t  t h e  v a r i a t i o n  o f  A 0  i s  
l e s s  pronounced i n  t h e  c a s e  o f  e l e v a t i o n s  t h a n  i t  i s  f o r  
c r a t e r s .  Examinat ion o f  F igure  11 shows t h i s  v a r i a t i o n  of 
P.; which can h e  smfiar ized as  f n l l ~ w s :  

P a r t  A :  The q u a n t i t y  of  r e f l e c t e d  s u n l i g h t  a lmost  
e q u a l s  t h a t  which i s  absorbed .  A l so ,  from 
one extreme t o  the  o t h e r  of  P a r t  A ,  t h i s  
v a r i a t i o n  i s  a lmost  i n v e r s e l y  r e l a t e d  t o  b o t h  
A. and ( N / q )  6To . Some c r a t e r  rims w i t h  
t h i s  c h a r a c t e r i s t i c  a r e  Kep le r ,  Lansberg A ,  
H o r t e n s i u s  A and H o r t e n s i u s  r .  

* 

P a r t  B:  The q u a n t i t y  of r e f l e c t e d  s u n l i g h t  i s  g r e a t e r  
t h a n  t h a t  absorbed  and A. v a r i e s  f a s t e r  t h a n  
( N / n )  6To . Examples o f  c r a t e r  rims w i t h  
t h i s  c h a r a c t e r i s t i c  a r e  Encke B ,  Kunowsky, 
Kepler  D ,  Reinhold A and Encke. 

A 
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P a r t  C :  

P a r t  D :  

The q u a n t i t y  o f  t h e  r e f l e c t e d  s u n l i g h t  i s  
g r e a t e r  t h a n  t h a t  abso rbed .  However, t h e  
v a r i a t i o n  o f  A0 w i t h  r e s p e c t  t o  ( N / n )  6To 
i s  s l i g h t l y  f a s t e r .  Examples of  c r a t e r  rims 
i n  t h i s  c a s e  a r e  Reinhold ,  Lansberg ,  Copern icus  
and Fau th .  

h 

The q u a n t i t y  o f  r e f l e c t e d  s u n l i g h t  r e a c h e s  
i t s  minimum; a l s o ,  ( N / n  6To has  v e r y  
sma l l  and s low v a r i a t i o n s .  The rims o f  M a e s t l i n  
belong t o  t h i s  c a s e .  

h 

Concerning t h e  r e l a t i v e l y  f l a t  s u r f a c e s ,  t h e  q u a n t i t y  of 
r e f l e c t e d  s u n l i g h t  i s  t o o  g r e a t  and v a r y i n g  t o o  f a s t  when 
compared w i t h  t h e  q u a n t i t y  o f  s u n l i g h t  which i s  abso rbed  by 
t h e  l u n a r  ma te r i a l .  For v a l u e s  o f  A 0  h i g h e r  t h a n  35% and 
approach ing  t h e  c a s e  Ar , p r e v i o u s l y  mentioned,  t h e  r e l a -  
t i v e l y  f l a t  s u r f a c e  of t h e  moon seems t o  r e f l e c t  t h e  s u n l i g h t  
as i f  i t  were made up of m e t a l l i c  m a t e r i a l s  which formed a 
"somewhat compact l a y e r " .  With t h e  term "somewhat" one means 
t h a t  such  a l a y e r  cou ld  have a good b e a r i n g  s t r e n g t h  i n  some 
a r e a s  wh i l e  i n  o t h e r  a r e a s  i t  c o u l d  have a weaker b e a r i n g  
s t r e n g t h  because  of  l o c a l  t empera tu re  f a c t o r s .  Such a l a y e r  
might  e x p l a i n  why t h e  q u a n t i t y  (N/T-I) BTo r e a c h e s  i t s  
maximum so q u i c k l y  when A0 x 3 5 %  . Also ,  b e s i d e s  t h e  g r a i n  
s i z e  v a r i a t i o n  of  such m e t a l l i c  m a t e r i a l s ,  o t h e r  t y p e s  o f  
v a r i a t i o n s  i n  t h e  r ange  3 5 %  < A 0  < 1 0 0 %  c o u l d  be  due t o  
t h e  p r e s e n c e  o f  any k i n d  o f  smal l  l u n a r  r e l i e f  a b l e  t o  c a u s e  
s l i g h t  a b s o r p t i o n  o f  t h e  s u n l i g h t .  

A 

I n  t h i s  r e s p e c t ,  f o r  example, t h e  c a s e  of  p o i n t s  6 ,  1 0  

and 1 2  a r e  c i t e d  i n  F i g u r e  1 2 .  These p o i n t s  a r e  n o t  t o o  f a r  



from t h e  s i t e  where Surveyor  landed .  The l u n a r  map o f  
F i g u r e  1 4  shows t h a t  t h e s e  p o i n t s  a r e  c l o s e  t o  a r i d g e ;  i n  
t h e  same manner,  t h e  p o i n t s  8 and 11 o f  t h a t  area a r e  r i g h t  
on a v e r y  s m a l l  e l e v a t i o n .  A s imilar  comment t h a t  one can  
make from F i g u r e  1 2  conce rns  t h e  p o i n t s  2 2 ,  23, 2 4 ,  25,  26,  
29, 3 0 ,  31 ,  32, 33,  34, 35,  36, 37,  38, 39 ,  and 40 .  A l l  t h e s e  
p o i n t s  a r e  s i t u a t e d  i n  a n  a r e a  where small r i d g e s ,  c r a t e r s  
and e l e v a t i o n s  a r e  p r e s e n t .  With r e s p e c t  t o  t h e  p o i n t  4 1 ,  i t  
h a s  been e x p l a i n e d  a l r e a d y  why such  a p o i n t  h a s  been t a k e n  i n  
a n  a r e a  o t h e r  t h a n  t h a t  p r e v i o u s l y  c o n s i d e r e d  i n  F i g u r e  1 4 .  

From t h i s  a n a l y s i s  o f  t h e  " e q u i v a l e n t  a lbedo"  o b t a i n e d  
from t h e  T o  f u r n i s h e d  by Surveyor ,  i t  a p p e a r s  t h a t  one must 
be v e r y  c a u t i o u s  i n  r e a c h i n g  c o n c l u s i o n s  abou t  t h e  l u n a r  s u r -  
face composi t ion  when comparing a l b e d o s  o f  t e r r e s t r i a l  samples  
w i t h  t h e  s t a n d a r d  l u n a r  pho tomet r i c  c o n t o u r s .  On one hand, 
e a r t h - b a s e d  o b s e r v a t i o n s  a r e  only  based  on t h e  r e f l e c t e d  sun-  
l i g h t  t o  o b t a i n  i n f o r m a t i o n  about t h e  l u n a r  a i b e d o s .  However, 
w e  have  s e e n  how t h e  r e f l e c t e d  s u n l i g h t  i s  a l t e r e d .  Because 
of  t h i s  t r o u b l i n g  f a c t o r ,  i t  is  v e r y  d i f f i c u l t  t o  de t e rmine  
w i t h  good accuracy  t h e  r e a l  c h a r a c t e r i s t i c s  o f  t h e  a l b e d o s  
c o r r e s p o n d i n g  t o  t h e  d i f f e r e n t  l u n a r  f e a t u r e s .  On t h e  o t h e r  
hand,  it a p p e a r s  a l s o  t h a t  one p h y s i c a l  pa rame te r  i s  n o t  enough 
t o  t e l l  about  t h e  n a t u r e  of a g iven  body. I n  o t h e r  words,  i n  
u t i l i z i n g  comparisons w i t h  t h e  s t a n d a r d  l u n a r  p h o t o m e t r i c  con-  
t o u r s  t o  de t e rmine  a c c u r a t e l y  t h e  composi t ion  of t h e  l u n a r  
s u r f a c e ,  i t  i s  n e c e s s a r y  t o  do t h e  f o l l o w i n g :  (1)  Def ine  t h e  
r e d u c t i o n  t e c h n i q u e s  of o b s e r v a t i o n a l  d a t a  t o  c l e a r l y  d i s c r i -  
m i n a t e  t h e  a l b e d o s  o f  t h e  d i f f e r e n t  l u n a r  r e l i e f s .  (2)  Con- 
s i d e r  t h e  f r a c t i o n  o f  s u n l i g h t  abso rbed  by t h e  l u n a r  s u r f a c e  
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feature in question. (3) Make measurements in the laboratory 
of both physical parameters with terrestrial samples. (4) 
Proceed to the joint comparison of the determined measurement 
with those data corresponding to the lunar observations. 
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Chapter  4 

COMPARISON BETWEEN OUR PRESENT KNOWLEDGE ABOUT THE LUNAR 
COMPOSITION AND THE SIMILAR INFORMATION OBTAINED FROM 

THE USE OF "EQUIVALENT ALBEDOS" 

The composi t ion  o f  t h e  l u n a r  s u r f a c e  has  been p r e v i o u s l y  
s t u d i e d  main ly  by u s i n g  t h e  l u n a r - o p t i c a l  s c a t t e r i n g  law. 
However, t h e  r e s u l t s  o b t a i n e d  from t h i s  s t u d y  a r e  n o t  s a t i s -  
f a c t o r y ,  a s  y e t ,  f o r  r e a s o n s  which c a n  be summarized a s  f o l l o w s :  
(1) The l u n a r - s c a t t e r i n g  l a w  has  been e s t a b l i s h e d  i n  a v e r y  
e m p i r i c a l  way, t h a t  i s ,  wi thou t  f i r s t  e s t a b l i s h i n g  i n  a 
p r e c i s e  manner t h e  d i f f e r e n t  c h a r a c t e r i s t i c s  of  l u n a r  topog-  
raphy.  ( 2 )  I t  has  been t h e  tendency i n  t h e  p a s t  t o  d e f i n e  
t h e  s c a t t e r e d  l i g h t  o f  a body a s  a f u n c t i o n  o f  one ,  two o r  
even  t h r e e  p h y s i c a l  pa rame te r s  and by s e p a r a t e l y  c o n s i d e r i n g  
e a c h  o f  them. However, f r o m  t h e  p r e v i o u s  e x p l a n a t i o n ,  i t  i s  
i n d i c a t e d  t h a t  t h e  l i g h t  s c a t t e r e d  by l u n a r  m a t e r i a l  cannot  be 
d e f i n e d  a s  a f u n c t i o n  of an i n d i v i d u a l  p h y s i c a l  pa rame te r  
because  a l l  p o s s i b l e  f a c t o r s  p l ay  t h e i r  r o l e  s i m u l t a n e o u s l y  
i n  a g i v e n  a r e a .  

The d i s c r e p a n c i e s  from t h e  comparison of  a l b e d o s  o b t a i n e d  
from e a r t h - b a s e d  o b s e r v a t i o n s  and t h o s e  o b t a i n e d  from t e r r e s t r i a l  
samples  s t u d i e d  i n  t h e  l a b o r a t o r y  a r e  sometimes due t o  t h e  
method adopted  f o r  e s t a b l i s h i n g  such  a comparison. For i n s t a n c e ,  
t h e  r e p r e s e n t a t i o n  of  e a r t h - b a s e d  o b s e r v a t i o n a l  d a t a  of a l b e d o s  
i n  t h e  form of  a p o l a r  diagram of  r e f l e c t i v i t y ,  which i s  a l s o  
known as t h e  d i f f u s i o n  f u n c t i o n ,  g i v e s  a group o f  c u r v e s  
e x t r e m e l y  ex tended  i n  t h e  d i r e c t i o n  of  t h e  sun  f o r  any a n g l e  of 
i n c i d e n c e  o f  t h e  s o l a r  r a y s .  When t h i s  p rocedure  i s  f o l l o w e d ,  
i t  a p p e a r s  t h a t  t h e  c u r v e s  co r re spond ing  t o  t h e  maria a re  
s imi l a r  t o  t h o s e  co r re spond ing  t o  t h e  e l e v a t i o n s .  A s  a r e s u l t ,  
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t h e  c o n c l u s i o n  has  been t h a t  t h e  s u r f a c e  of t h e  moo; i s  
cove red  by an ex t r eme ly  porous  mat ter  s imi la r  t o  a s l a g  
o r  a spongy s t r u c t u r e .  

The comparison between t h e  s u n l i g h t  r e f l e c t e d  by t h e  l u n a r  
s u r f a c e  and t h a t  r e f l e c t e d  by d i f f e r e n t  a r t i f i c i a l  models and 
t e r r e s t r i a l  samples  h a s  been based on a r e f l e c t i o n  law d e f i n e d  
by a v e r y  e m p i r i c a l  method. In e f f e c t ,  such  a method c o n s i s t s  
of a p h o t o m e t r i c  comparison of t h e  de te rmined  r e f l e c t i o n  law 
f o r  t h e  moon and f o r  t h o s e  o b j e c t s  under  t e s t .  
i s  done i n  two d i f f e r e n t  ways: (1) The b r i g h t n e s s  of  t h e  
l u n a r  s u r f a c e  c o e f f i c i e n t  i s  ob ta ined  a s  a f u n c t i o n  of  t h e  
a n g l e  o f  i n c i d e n c e  f o r  s o l a r  r a y s ,  t h e  a n g l e  o f  r e f l e c t i o n  and 
t h e  phase  a n g l e .  ( 2 )  The l u n a r - s u r f a c e  b r i g h t n e s s  c o e f f i c i e n t  
is t h e n  compared w i t h  t h e  b r i g h t n e s s  c o e f f i c i e n t  o b t a i n e d  f o r  
t e r r e s t r i a l  samples .  However, t h i s  method i s  a l r e a d y  l i m i t e d  
due t o  t h e  f a c t  t h a t  t h e  l u n a r  s u r f a c e  c o e f f i c i e n t  v a r i a t i o n  
is  e s t a b l i s h e d  from e m p i r i c a l  methods. As a r e s u l t ,  t h e  
r a n g e  o f  p o s s i b l e  v a l u e s  of r e f l e c t i v i t y  i s  s e v e r e l y  l i m i t e d  
f o r  each  p a r t i c u l a r  r e g i o n  of  t h e  l u n a r  s u r f a c e .  

Th i s  comparison 

The method u s i n g  t h e  i n d i c a t r i x  of  s c a t t e r i n g  i s  incon-  
v e n i e n t .  I n  t h e  f i r s t  p l a c e ,  t h e  comparison o f  s c a t t e r i n g  
i n d i c a t r i x  o f  t h e  l u n a r  s u r f a c e  w i t h  t h o s e  of t e r r e s t r i a l  
f o r m a t i o n s  assumes t h a t  a g e n e r a l  mean i n d i c a t r i x  can  be 
p h o t o m e t r i c a l l y  o b t a i n e d  f o r  t h e  moon by comparing i t  w i t h  
supposed ly  s i m i l a r  t e r r e s t r i a l  m a t e r i a l s .  However, because  
o f  t h e  p a r t i c u l a r  c o n d i t i o n s  o f  o b s e r v a t i o n  of t h e  moon, i t  
i s  n o t  p o s s i b l e  t o  de t e rmine  s c a t t e r i n g  i n d i c a t r i x  from e a r t h  
f o r  any s e c t o r  o f  t h e  l u n a r  s u r f a c e .  Secondly,  l u n a r  o b j e c t s  
c o u l d  be observed  from a s i n g l e  a n g l e  o f  view, and w i t h  l i m i t e d  
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combina t ions  of  a n g l e  of i nc idence  and az imuth  o f  t h e  i n c i d e n t  

r a y ,  which can be de t e rmined  from t h e  p o s i t i o n  o f  t h e  l u n a r  
o b j e c t  observed  on t h e  d i s k  of t h e  moon. There i s  a l s o  t h e  
d i f f i c u l t y  o f  making a p p r o p r i a t e  i d e n t i f i c a t i o n  and f i x a t i o n  
f o r  s e p a r a t e  s e c t o r s  o f  t h e  l u n a r  s u r f a c e  when o b s e r v i n g  them 
by v i s u a l  pho tomete r s ,  e s p e c i a l l y  when t h e  assumpt ion  i s  made 
t h a t  t h e  l i g h t  s c a t t e r i n g  l a w  i s  t h e  same f o r  a l l  l u n a r  o b j e c t s  
obse rved .  O r  t o  p u t  i t  ano the r  way, t h e  e r r o r s  committed when 
measur ing  t h e  r e l a t i v e l y  f l a t  s u r f a c e  o f  mar i a  cou ld  be s m a l l ;  
however, t h e s e  e r r o r s  would be c o n s i d e r a b l e  f o r  t h o s e  e l e v a -  
t i o n s  which might have ,  p h o t o m e t r i c a l l y  speak ing ,  a l e s s  homo- 
geneous s t r u c t u r e .  

I t  must a l s o  be p o i n t e d  out t h a t  a v e r y  unusua l  s c a t t e r -  
i n g  p r o p e r t y  h a s  been a t t r i b u t e d  t o  t h e  moon. Some a u t h o r s  
t h i n k  t h a t  t h e  l a r g e  b a c k s c a t t e r  c o u l d  be produced by c o r n e r  
r e f l e c t o r s  o r  t r a n s p a r e n t  spheres nf  p r o p e r  r e f r a - c t i v e  index ,  
However, such  s t r u c t u r e s  a r e  obv ious ly  a r t i f i c i a l  and c o n t r i v e d ,  
inasmuch a s  t h e y  would have t o  cove r  t h e  e n t i r e  l u n a r  s u r f a c e  
and would n o t  endure  long under m i c r o m e t e o r i t e  bombardment. 
Another  e x p l a n a t i o n  f o r  t h e  p e c u l i a r  pho tomet r i c  behav io r  
a t t r i b u t e d  t o  t h e  moon i s  t h a t  i t  r e s u l t s  from shadows c a s t  
by an  i n t r i c a t e l y  s t r u c t u r e d  m a t e r i a l  l y i n g  on t h e  l u n a r  
s u r f a c e .  T h i s  h y p o t h e s i s  a l s o  claims t h a t  t h e  s t r u c t u r e  i n t o  
which t h i s  m a t e r i a l  i s  a r ranged  i s  l a r g e  i n  comparison w i t h  
a wavelength  o f  v i s i b l e  l i g h t ,  s i n c e  o b j e c t s  comparable  w i t h  
o r  s m a l l e r  t h a n  a wavelength f o r w a r d - s c a t t e r  l i g h t  and a 
nar row b a c k s c a t t e r  peak would be i m p o s s i b l e .  The c o n c l u s i o n  
t h a t  r e s u l t s  from t h e s e  t h e o r i e s  i s  t h a t  t h e  s u r f a c e  of t h e  
moon must b e  covered  by a n  o p t i c a l l y  t h i c k  l a y e r  of ex t r eme ly  
rough mater ia l  w i t h  i r r e g u l a r i t i e s  of  s i z e  between 1011 

and 1 cm . 
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The i n v e s t i g a t i o n s  unde r t aken  i n  t h e  l a b o r a t o r y  show 
t h a t  t h e  p h o t o m e t r i c  p r o p e r t i e s  o f  t h e  l u n a r  s u r f a c e  c o r r e s -  
pond t o  t e r r e s t r i a l  samples such as  r o c k s ,  s a n d s ,  l a v a s ,  
v o l c a n i c  a s h e s  and m e t e o r i t e s .  The major  d i f f i c u l t y  found 
f o r  t h e s e  m a t e r i a l s  i s  t h a t  none r ep roduce  e x a c t l y  t h e  l u n a r  
r e f l e c t i o n  law. Many a u t h o r s  e x p l a i n  t h i s  by s t a t i n g  t h a t  t h e  
l u n a r  s u r f a c e  has  been exposed t o  a t y p e  of wea the r ing  f a r  
d i f f e r e n t  from t h a t  t o  which t e r r e s t r i a l  rocks  have 
been exposed.  Other  i n v e s t i g a t o r s  t h i n k  t h a t  bombardment 
by m i c r o m e t e o r i t e s  and s o l a r  c o r p u s c u l a r  r a d i a t i o n  s h o u l d  
a l t e r  t h e  o p t i c a l  p r o p e r t i e s  of m i n e r a l s  a p p r e c i a b l y .  However, 
t h e  t e r r e s t r i a l  samples  cou ld  reproduce  t h e  l u n a r  r e f l e c t i o n  
l a w  i f  one had t h e  c a p a b i l i t y  t o  pe r fo rm t h e  l a b o r a t o r y  
expe r imen t s  under  t h e  same c o n d i t i o n s  as t h o s e  o f  t h e  moon. 
The most a c c u r a t e l y  o b t a i n e d  only  t a k e  i n t o  c o n s i d e r a t i o n  
t h e  a l b e d o ,  t h e  o p t i c a l  s c a t t e r i n g  c h a r a c t e r i s t i c s  of  t h e  
i n d i v i d u a l  o b j e c t s  of which t h e  s u r f a c e  i s  composed, and t h e  
t y p e  of s t r u c t u r e  i n  which t h e  o b j e c t s  a r e  a r r anged .  

Let u s  now c o n s i d e r  t h e  fo l lowing  q u e s t i o n s :  S i n c e  w e  
must be c a u t i o u s  when making c o n c l u s i o n s  from e a r t h - b a s e d  
o b s e r v a t i o n s ,  t h e n  what would be t h e  most a p p r o p r i a t e  way t o  
g e t  i n f o r m a t i o n  abou t  t h e  r e a l  compos i t ion  of  t h e  l u n a r  s u r -  
f a c e ?  For example,  i s  t h e r e  a g e n e r a l  composi t ion  f o r  t h e  
whole l u n a r  s u r f a c e  o r  has  each l u n a r  r e l i e f  i t s  own c h a r a c -  
t e r i s t i c  composi t ion?  There  i s  no doubt  t h a t ,  w i t h  r e g a r d  t o  
t h e  f i r s t  q u e s t i o n ,  t h e  b e s t  l u n a r  o b s e r v a t i o n s  should  b e  done 
o u t  o f  o u r  a tmosphere.  With r e g a r d  t o  t h e  second q u e s t i o n ,  t h e  
w r i t e r  h a s  a t t empted  t o  o b t a i n  n e c e s s a r y  i n f o r m a t i o n  by exam- 
i n i n g  t h e  v a r i a t i o n  o f  behavior  o f  t h e  q u a n t i t i e s  A 0  , 
( N / r l )  & T o  . For each of  t he  l u n a r  r e l i e f  f e a t u r e s  c o n s i d e r e d  

A 
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i n  t h i s  r e p o r t ,  t h e  g r a p h i c a l  r e p r e s e n t a t i o n  of such a v a r i a t i o n  
o f  behav io r  i s  done w i t h i n  F igure  13.  The a b s c i s s a  r e p r e s e n t s  
t h e  a b s o r p t i o n  ( N / q )  6To whi le  t h e  o r d i n a t e  r e p r e s e n t s  t h e  
"equiva  1 en t a lbedo  A0 ' I .  

h 

Each of t h e  e x p o n e n t i a l  cu rves  shown i n  F i g u r e  1 3  i s  t h e  
mean o f  r e s u l t s  o b t a i n e d ,  r e s p e c t i v e l y ,  f o r  c r a t e r s ,  e l e v a t i o n s  
and r e l a t i v e l y  f l a t  s u r f a c e s .  The f i r s t  impress ion  t h a t  one 
g e t s  from F i g u r e  13  i s  t h a t  t h e r e  i s  n o t  a g e n e r a l  compos i t ion  
f o r  t h e  whole l u n a r  s u r f a c e  but r a t h e r  a c h a r a c t e r i s t i c  com- 
p o s i t i o n  f o r  each  of t h e  l u n a r  r e l i e f  f e a t u r e s  c o n s i d e r e d .  
However, j udg ing  f rom t h e  e v o l u t i o n  o f  each  of such e x p o n e n t i a l  
c u r v e s ,  one g e t s  t h e  impress ion  t h a t  t h e  compos i t ion  of r e l i e f  
seems t o  be much more r e l a t e d  t o  t h e  f a c t o r s  i n f l u e n c i n g  t h e  
e v o l u t i o n  of t h e  o r i g i n a l  f e a t u r e s  r a t h e r  t h a n  t o  be s t r o n g l y  
i n f l u e n c e d ,  o r  mod i f i ed ,  by f a c t o r s  such a s  t h e  s o l a r  c o r p u s -  
c u l a r  r a d i a t i o n  o r  by  changes  r e s u l t i n g  f r z l m  bambardment of  
m i c r o m e t e o r i t e s .  

The v a r i a t i o n  of behavior  i n  F igu re  13 can be d e s c r i b e d  
a s  f o l l o w s :  (1) The v a r i a t i o n  of bo th  q u a n t i t i e s  A 0  and 
( N / n )  6 T o  i s  w e l l  d e f i n e d  in  a c e r t a i n  r ange  f o r  each  of 
t h e  l u n a r  r e l i e f  f e a t u r e s  cons ide red .  The de te rmined  r ange  
i s  about  0 . 0 1  < A. < 0 . 3 0  f o r  r e f l e c t e d  s u n l i g h t  by t h e  
l u n a r  c r a t e r s ,  about  0 . 0 1  < A. < 0 . 1 0  f o r  t h e  e l e v a t i o n s  
and about  0 . 1 5  < A 0  < 1 . 0 0  f o r  r e l a t i v e l y  f l a t  s u r f a c e s .  
( 2 )  There i s  a d i s c o n t i n u i t y  between e l e v a t i o n s  and r e l a t i v e l y  
f l a t  s u r f a c e s  between A 0  % 0 . 1 0  and A 0  M 0 . 1 5 .  T h i s  d i s -  
c o n t i n u i t y  i n d i c a t e s  t h a t  t h e  r e l a t i v e l y  f l a t  s u r f a c e s  i n  t h e  
v i c i n i t y  o f  e l e v a t i o n s  become h i g h l y  abso rban t  o f  t h e  
s u n l i g h t .  ( 3 )  The l u n a r  c r a t e r s ,  i n  t h e  r ange  a l r e a d y  
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ment ioned ,  a r e  a t  t h e  same t ime more a b s o r b a n t  and more 
r e f l e c t a n t  m a t e r i a l  of s u n l i g h t ,  w i t h i n  t h e  same range  of  
A. , t h a n  e l e v a t i o n s  and r e l a t i v e l y  f l a t  s u r f a c e s .  I n  e f f e c t ,  
when A. = 0 . 3 0  , t h e i r  e x p o n e n t i a l  cu rve  t e n d s  t o  conform t o  
t h a t  o f  r e l a t i v e l y  f l a t  s u r f a c e s .  S i n c e  t h e  v a l u e  A 0  M 0 . 3 0  

co r re sponds  t o  ve ry  s m a l l  c r a t e r s ,  t h e n  t h e  s a i d  tendency  
means t h a t  c r a t e r s  s m a l l e r  t h a n  t h i s ,  i . e . ,  "very  sma l l  c r a t e r  
c a t e g o r y " ,  a l s o  have t h e i r  abso rban t  and r e f l e c t a n t  p r o p e r t i e s  
conform t o  t h a t  o f  t h e  l u n a r  a r e a  where t h e y  e x i s t .  

From t h i s  compar ison  between our  p r e s e n t  knowledge about  
t h e  l u n a r  compos i t ion  and t h e  same i n f o r m a t i o n  de te rmined  f r o m  
e a r t h  o b s e r v a t i o n s ,  we s e e  t h a t  improvement must s t i l l  be made 
on s t u d i e s  based on t h e  a p p l i c a t i o n  of t h e  l u n a r  o p t i c a l  
s c a t t e r i n g  law o r  th rough u s e  of i n d i c a t r i x  of  s c a t t e r i n g .  
Another  impor t an t  q u e s t i o n  i s  t o  know t h e  e v e n t u a l  d i f f e r e n c e s  
i n  a l b e d o ,  i n  a g iven  pui i i t  ol' t h e  iiiiiar si irface,  when r z m o v i ~ g  

t h e  l o o s e  s u r f a c e  m a t e r i a l .  In t h e  p o i n t  where Surveyor  l anded ,  
f o r  example,  t h e  scene  luminance was measured f o r  p a r t s  
of t h e  l u n a r  s u r f a c e  sur rounding  t h e  pad upon which t h e  
pho tomet r i c  t a r g e t  was mounted, By f i t t i n g  t h e  measured 
scene  luminance t o  t h e  pho tomet r i c  f u n c t i o n  from t h e  
t e l e s c o p i c  measurements of  F e d o r e t s ,  an e s t i m a t e  o f  9 %  

f o r  t h e  normal a lbedo  was de r ived  f o r  t h e  p a r t s  of t h e  
s u r f a c e  which appeared  t o  be und i s tu rbed  by t h e  pad.  
e s t i m a t e  a lbedo  f o r  t h e  d i s t u r b e d  a r e a s  was abou t  3% 

lower .  However, t h e  s c a t t e r e d  l i g h t  from t h e  s p a c e c r a f t  
has  been  a p a r t i c u l a r  problem i n  e v a l u a t i n g  t h e  luminance 
on t h e  l u n a r  s u r f a c e .  There i s  no doubt  t h a t  t h e  d i r e c t  
d e t e r m i n a t i o n  of t h e  s c a t t e r e d  l i g h t  from t h e  O r b i t e r s '  
pho tographs  i s  necessa ry  t o  ge t  more p r e c i s e  i n f o r m a t i o n  
abou t  t h e  l u n a r  s u r f a c e  composi t ion .  

The 
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Chapter  5 

CONSIDERATIONS FURNISHED BY THE "EQUIVALENT ALBEDOS" 
FOR ANALYZING THE LUNAR SURFACE PHOTOGRAPHS: 

a 

From t h e  v a r i a t i o n  o f  behav io r  o f  t h e  " e q u i v a l e n t  a lbedos"  
which has  been p r e v i o u s l y  d e s c r i b e d ,  w e  have de te rmined  c e r t a i n  
v a l u e s  o f  A. which seem t o  i n d i c a t e  t h a t  t h e  moon i s  n o t  a 
"dead body". The moon seems t o  c o n t a i n  some a r e a s  which 
might  be dangerous f o r  t h e  a s t r o n a u t s .  Examples o f  such  
p e c u l i a r  v a l u e s  o f  A. a r e  the  two c a s e s ,  Ar  and AS ? and 
some c r a t e r s  which w i l l  be  examined i n  g r e a t e r  d e t a i l  i n  t h e  
f i n a l  p a r t  o f  t h i s  r e p o r t .  S ince  t h e  a s t r o n a u t  i s  supposed 
t o  do some l u n a r  e x p l o r a t i o n  a t  t h e  l and ing  s i t e  s e l e c t e d  
from e a r t h ,  t h e n  we must de t e rmine ,  i n  advance ,  i f  a s e l e c t e d  
a r e a  cou ld  have s m a l l  r e g i o n s  dangerous f o r  l a n d i n g .  With 
t h i s  i n f o r m a t i o n ,  and i n  view o f  t h e  f a c t  t h a t  t h e  a s t r o n a u t  
must ,  wh i l e  i n  f l i g h t ,  i d e n t i f y  t h e  a r e a  o f  i n t e r e s t ,  we can 
d e f i n e  t h e  minimum requ i r emen t s  o f  t h e  equipment c a r r i e d  f o r  
t h e  t r a c k i n g  o p e r a t i o n .  

From t h e  a n a l y s i s  o f  t h e  O r b i t e r s '  photographs  w e  r e q u i r e  
t h e  f o l l o w i n g  a d d i t i o n a l  i n f o r m a t i o n :  (1) D e f i n i t i o n  o f  
t h e  l u n a r  e x p l o r a t i o n  t h e  a s t r o n a u t  i s  t o  conduc t .  ( 2 )  
D e f i n i t i o n ,  b e f o r e  de t e rmin ing  l u n a r  s l o p e s  from t h e  pho to -  
g r a p h s ,  of t h e  problems which r e s u l t  from t h e  a t t e n u a t i o n  o f  
r e f l e c t e d  s u n l i g h t  by o u r  atmosphere when comparing a l b e d o s  
u s i n g  t h e  l u n a r  pho tomet r i c  f u n c t i o n  method. To a n a l y z e  f o r  
t h e  dangerous p o i n t s  i n  a supposed s a f e s t  a r e a ,  i t  i s  f i r s t  
n e c e s s a r y  t o  examine a l l  a v a i l a b l e  l u n a r  photographs  i n  o r d e r  
t o  e x t e n d  t h e  knowledge s o  a c q u i r e d  t o  t h e  whole l u n a r  s u r f a c e .  
T h i s  means t h a t  an  examinat ion  must be made o f  a l l  Ranger,  
Su rveyor  and O r b i t e r  photographs a t  ou r  d i s p o s a l .  I n  e f f e c t ,  
dangerous  p o i n t s  i n  a supposed s a f e s t  a r e a  cou ld  have t h e i r  
o r i g i n  f a r  from t h e  a r e a  under examina t ion .  
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F i r s t ,  w e  must c o n s i d e r  t h e  deg ree  o f  l u n a r  cove rage  
accomplished p e r  f l i g h t ,  t h e  e x t e n t  o f  t h e  l u n a r  s u r f a c e  
s p e c t r a l l y  ana lyzed  and t h e  s u i t a b i l i t y  o f  t h e  r e s u l t s  f o r  
c o r r e l a t i o n  w i t h  d a t a  o b t a i n e d  from o t h e r  remote s e n s i n g  
expe r imen t s .  Thus,  t h e  a n a l y s i s  o f  p i c t u r e s  r e p r e s e n t s  an 
i n t e g r a t e d  and complementary pho tograph ic  package ,  w i t h  
r e s p e c t  t o  s p a t i a l  and s p e c t r a l  r e s o l u t i o n  and c o v e r a g e ,  
t o  b e t t e r  d i s c r i m i n a t e  t h e  dangerous p o i n t s  w i t h i n  t h e  a r e a  
s t u d i e d .  O f  c o u r s e ,  t h e  work must b e  complemented w i t h  
measurements on t h e  photographs .  S i z e ,  s h a p e ,  t e x t u r e  and 
c o n f i g u r a t i o n  o f  t h e  l u n a r  s u r f a c e  f e a t u r e s  t o  d e t e r m i n e  t h e  
l o c a l  and r e g i o n a l  v a r i a t i o n s  i n  t h e  s p e c t r a l  r e f l e c t i v i t y  
and e r n i s s i v i t y  o f  t h e  l u n a r  s u r f a c e  must be de t e rmined .  For 
t h i s  p u r p o s e ,  one can u s e  t h e  wavelength  r ange  from 2000A 

t o  1.111 i n  t h e  imaging sys tems,  and t h e  r anges  from lOOOA 
t o  3000A and from 1 p  t o  2011 f o r  t h e  non-imaging sys t ems .  
I n  r e g a r d  t o  t h e  o v e r a l l  s c i e n t i f i c  i n f o r m a t i o n  which must 
be f u r n i s h e d  t o  t h e  a s t r o n a u t  p r i o r  t o  t h e  l a u n c h ,  r h e  check 
o f  t h e  r e s u l t s  o f  a n a l y s e s  should  be done a s  f o l l o w s :  (1) 

A f t e r  e s t a b l i s h m e n t  o f  c o n t r o l s  f o r  l u n a r  g e o d e t i c  s u r v e y s ,  
i d e n t i f i c a t i o n  o f  p e c u l i a r  p o i n t s  w i t h i n  new l u n a r  t opograph ic  
maps shou ld  be produced through u s e  o f  m e t r i c  and panoramic 
photography.  ( 2 )  F i n a l  i d e n t i f i c a t i o n  and d i s c r i m i n a t i o n  o f  
l u n a r  f e a t u r e s  shou ld  b e  made u t i l i z i n g  h i g h  r e s o l u t i o n  and 
mul t iband  s y n o p t i c  photography.  ( 3 )  A p p l i c a t i o n  o f  ( 2 )  w i t h  
r e g a r d  t o  p e c u l i a r  l u n a r  f e a t u r e s  w i t h i n  u l t r a  h i g h  r e s o l u t i o n  
photography coupled  w i t h  mul t iband  remote s e n s i n g .  Checking 
w i l l  be  much e a s i e r  t o  accomplish w i t h  new exper iments  expec ted  
from t h e  n e x t  Surveyor .  

0 

0 

0 

Secondly,  w e  must c o n s i d e r  t h e  o b s e r v a t i o n a l  equipment 
t o  be  c a r r e d  on t h e  manned s p a c e c r a f t  i n  t h e  s p e c i f i c a t i o n s  
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t o  be  f u r n i s h e d  t o  NASA. I n  o t h e r  words,  t h e  most c o n v e n i e n t  
camera system and i n d i v i d u a l  components shou ld  r e s u l t  from 
knowledge a c q u i r e d  from t h e  a n a l y s e s  of  Ranger,  Surveyor  and 
O r b i t e r  photographs .  From these  a n a l y s e s ,  s p e c i f i c a t i o n s  
r e s u l t i n g  from p r e l i m i n a r y  e s t i m a t i o n  would be  a s  f o l l o w s :  
(1)  A system o p e r a t i n g  i n  t w o  modes, imaging and non- imaging ,  
w i l l  b e  n e c e s s a r y .  The pr imary system shou ld  be  a t e l e s c o p e  
o f  a b o u t  16"  a p e r t u r e  which,  by u s e  o f  beam s p l i t t e r s ,  
would form a number of s e p a r a t e  images.  Because o f  t h e  d u a l  
r e q u i r e m e n t s  of image mot ion  compensat ion and long  i n t e g r a t i o n  
t imes,  t h i s  t e l e s c o p e  s h o u l d  be a p p r o p r i a t e  f o r  e f f i c i e n t l y  
t r a c k i n g  t h e  t a r g e t .  From examinat ion  of  t h e  f i r s t  O r b i t e r  I11 
photographs  which have been made a v a i l a b l e ,  t h e  16" a p e r t u r e  
t e l e s c o p e  must be l i n k e d  t o  t h e  v i e w f i n d e r  s o  t h a t  t h e  
a s t r o n a u t  can  e a s i l y  i d e n t i f y  t h e  a r e a  of  i n t e r e s t  within t h e  
u l t r a  h igh  r e s o l u t i o n  system. The n e x t  Surveyor  schedu led  
f o r  A p r i l  1967 cou ld  g i v e  u s  more i n f o r m a t i o n  abou t  p o i n t s  
(1)  and ( 2 ) .  

Concerning t h e  pho tomet r i c  and o t h e r  p h o t o g r a p h i c  c h a r -  
a c t e r i s t i c s  r e q u i r e d  f o r  g e o l o g i c  s t u d y  and mapping p r i o r  t o  
t h e  launch  of  t h e  manned s p a c e c r a f t ,  t h e  f i r s t  t a s k  s h o u l d  
b e  t o  do t h e  s p e c i f i c  e a r t h - b a s e d  o b s e r v a t i o n s  s u g g e s t e d  by 
t h e  " e q u i v a l e n t  a lbedos"  resu l t s  p r e s e n t e d  i n  t h i s  r e p o r t .  

Ar The i d e n t i f i c a t i o n  and d i s c r i m i n a t i o n  of  t h e  two cases ,  
and As , i s  easy  t o  do when u s i n g  t h e  p rocedure  deve loped  
by t h e  s u c c e s s i v e  t r a n s f o r m a t i o n s  of  o b s e r v a t i o n a l  d a t a .  For 
example,  i f  w e  assume t h a t  e v e n t u a l  l a n d i n g  s i t e s  a r e  s e l e c t e d  
on t h e  E a s t e r n  Hemisphere o f  Surveyor  shown by F i g u r e  1 4 ,  
p rompt ly  we would see t h a t  t h e  p e c u l i a r  p o i n t s  a l r e a d y  c i t e d  
a r e  s i t u a t e d  i n  F igu re  15  i n  a r e a s  where t h e  E f f e c t i v e  Tem- 
p e r a t u r e  Contours  show i r r e g u l a r i t i e s .  I n  e f f e c t ,  b e s i d e s  
t h e  examples g r a p h i c a l l y  r e p r e s e n t e d  w i t h  o v a l s  i n  F i g u r e  15 ,  
a l l  convergences of  c o n t o u r s  o r  shapes  o t h e r  t h a n  s t r a i g h t  
l i n e s  i n d i c a t e  t h e  p r e s e n c e  of such  p e c u l i a r  p o i n t s .  Thus,  
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a s  i n d i c a t e d  by F i g u r e  1 5 ,  i t  i s  n e c e s s a r y  a n d s u f f i c i e n t ' t o  
p l a c e  t h e  t r a n s p a r e n t  mas te r  of E f f e c t i v e  Temperature  Contours  
ove r  t h e  l u n a r  map f o r  t h e  a r e a  of i n t e r e s t ,  t o  q u i c k l y  
i d e n t i f y  and d i s c r i m i n a t e  t h e  p o i n t s  co r re spond ing  t o  t h e  
c a s e s  mentioned above.  

However, a s  p r e v i o u s l y  p o i n t e d  o u t ,  t h e  a n a l y s i s  o f  
e a r t h - b a s e d  o b s e r v a t i o n a l  d a t a  w i t h i n  t h e  S t a n d a r d  Lunar 
Pho tomet r i c  Contour s t i l l  h a s  t o  be p e r f e c t e d .  Th i s  i s  
e s p e c i a l l y  t r u e  t o  e s t a b l i s h  t h e  e f f e c t  o f  t h e  a t t e n u a t i o n  
by o u r  a tmosphere on t h e  r e f l e c t e d  s u n l i g h t .  A l s o ,  we can  
s e e  i n  t h e  example i n  F igu re  16  t h e  atmosphere a b s o r p t i o n  
e f f e c t s  shown by t h e  comparison between t h e  " e q u i v a l e n t  
a lbedos"  and t h e  s a i d  l u n a r  photometr ic  c o n t o u r s .  S i n c e  
t h e  o b s e r v a t i o n a l  b r i g h t n e s s  i s  r e f e r r e d  t o  t h e  s t a n d a r d  
b r i g h t n e s s  o f  an i d e a l  w h i t e  d i f f u s e d  r e f l e c t o r  under  t h e  
same c o n d i t i o n s  o f  i l l u m i n a t i o n ,  t h e  a lbedo  de te rmined  i n  
t h i s  way does no t  e l i m i n a t e ,  comple t e ly ,  t h e  e r r o r  i n t r o d u c e d  
by t h e  e a r t h  a tmosphere on t h e  i n t e n s i t y  o f  t h e  r e f l e c t e d  
s u n l i g h t .  Thus ,  when obse rva t i cna l  d a t a  m i n i i s  obse i -va t iu r i a i  

e r r o r s  a r e  d i v i d e d  by a c o n s t a n t ,  t h e  r e s u l t  i s  t h a t  t h e  
co r re spond ing  a l b e d o ' s  c u r v e  i s  h i g h e r  t h a n  t h e  r e a l  a l b e d o ' s  
c u r v e  o f  r e f l e c t e d  s u n l i g h t  b e f o r e  p e n e t r a t i n g  o u r  a tmosphere.  
The atmosphere r e f r a c t i o n  e f f e c t s  a r e  n o t  w e l l  d e f i n e d  a s  y e t  
i n  t h e  method u s i n g  t h e  l u n a r  pho tomet r i c  f u n c t i o n .  (The 
a b s c i s s a e  g iven  i n  F igu re  16 f o r  t h e  S t a n d a r d  Lunar Photo-  
metr ic  Contour w i l l  be  exp la ined  l a t e r . )  

T h i s  f i r s t  comparison between b o t h  e x p o n e n t i a l  cu rves  
i n  F i g u r e  1 6  shows t h a t ,  w i t h  new improvements,  t h e  method 
u s i n g  t h e  S t a n d a r d  Lunar Photometr ic  Contour i s  adequa te  t o  
measure s l o p e s  from t h e  l u n a r  s u r f a c e  pho tographs .  A s  
w i l l  b e  s e e n  i n  t h e  n e x t  s e c t i o n ,  such  a method i s  even 
t o  b e  recommended when j o i n t l y  used  w i t h  t h e  e x p o n e n t i a l  
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c u r v e  o f  " e q u i v a l e n t  a lbedos"  f o r  t e s t i n g  s l o p e  measurements .  
Th i s  i s  j u s t  what i s  needed s i n c e  t h e  arguments  used  a g a i n s t  
t h e  method c i t e d  i s  t h a t  t h e r e  h a s  been l i t t l e  o p p o r t u n i t y  
t o  check i t s  v a l i d i t y .  I n  o t h e r  words ,  w i t h  t h e  Ranger,  
Surveyor  and O r b i t e r  photographs p l u s  t h e  " e q u i v a l e n t  a lbedos"  
r e s u l t i n g  from t h i s  r e s e a r c h  the re  i s  now a good o p p o r t u n i t y  
t o  u s e  i t  w i t h  c o n f i d e n c e .  One c a n  s a y  t h a t  t h e  f i r s t  t h i n g  
t o  do i s  t o  e l i m i n a t e  t h e  normal e r r o r s  i n t r o d u c e d  i n  t h e  
d e f i n i t i o n  o f  t h e  pho tomet r i c  f u n c t i o n .  I n  t h e  same manner, 
t h e  way t o  de t e rmine  a lbedos  must b e  rev iewed,  e s p e c i a l l y  
t h e  methods o f  d a t a  r e d u c t i o n ,  s o  t h a t  c o n s i d e r a t i o n  o f  
o t h e r  f a c t o r s  such  a s  t h e  l e n s  t r a n s m i s s i o n  and i l l u m i n a t i o n  
v a l u e s  can  be made. 

I 
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THE USE OF "EQUIVALENT ALBEDO" AND STANDARD LUNAR 
PHOTOMETRIC CURVES FOR MEASURING SLOPES FROM LUNAR 

SURFACE PHOTOGRAPHS, ABSORPTION EFFECTS 

Of all the problems involved in utilizing the present 
state of the Standard Lunar Photometric curves, perhaps the 
most important is the alteration of reflected sunlight by 
our atmosphere. In this respect, the biggest uncertainty 
in using it comes from the fact that one cannot accurately 
discriminate the different albedos of the lunar relief 
features. Among the complicated factors to consider in 
earth-based observations are image distortion and the vari- 
able attenuation of the radiation's intensity which must be 
considered in the following way: (1) Define the techniques 
of photometric observations to eliminate as nearly as possible 
the effects of atmospheric tremors. For example, when observ- 
ing a small area of the moon, the oscillation of the image 
t h a t  falls en the entrance aperture ~f t h e  p h o t o m e t e r  iiiust 

be eliminated. (2) Eliminate the light contamination effects. 
For a given small area of the moon observed, the light con- 
tamination coming from adjoining areas is introduced into 
the signal and its amplitude varies with the quality of the 
viewing. In such a case, the photometric accuracy desired 
depends on the general nature of the local region observed on 
the moon. As a result, good accuracy can be obtained by 
determining the optimum size entrance aperture on the photo- 
meter as a function of the steadiness of the image. 

The analysis shown in Figure 10, 11 and 12, reveals that 
the light contamination from surrounding areas would be less 
important in earth-based observations if the lunar surface 
of the same topography is considered separately. However, 
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such  con tamina t ion  always i s  impor t an t  i n  t h e  c a t e g o r y  of  
" l a r g e ,  l a r g e r  and l a r g e s t "  c r a t e r s  and i t  i s  caused  by t h e  
i n n e r  r e l a t i v e l y  f l a t  s u r f a c e ;  i n  t h e  same manner,  i t  i s  
i m p o r t a n t  i n  ex tended  r e l a t i v e l y  f l a t  s u r f a c e s  which have 
s i g n i f i c a n t  groups  of " s m a l l e r ,  s m a l l  and medium" c r a t e r s .  
I t  i s  recommended t h a t ,  when obse rv ing  s p e c i f i c  a r e a s  of  
l a n d i n g  s i t e s  s e l e c t e d  by NASA, t h e  l a r g e r  a p e r t u r e  s i z e  
of t h e  photometer  shou ld  be  used d u r i n g  n i g h t s  o f  l a r g e  
image e x c u r s i o n .  A s  a consequence,  t h e  l i g h t  con tamina t ion  
would be h e l d  t o  a l e v e l  below a 5 %  accuracy  on t h e  photo-  
m e t r i c  measurements.  However, f o r  t h e  l u n a r  a r e a s  where t h e  
c o n t r a s t  among f e a t u r e s  i s  impor t an t ,  t h e  lowes t  l i g h t  
c o n t a m i n a t i o n  l e v e l  can  be ob ta ined  by e s t a b l i s h i n g  t h e  mean 
of  s e p a r a t e  o b s e r v a t i o n s  o f  such f e a t u r e s .  

A l s o ,  s i n c e  t h e  o b s e r v a t i o n  o f  l a n d i n g  s i t e s  s e l e c t e d  by 
KASA conce rns  s p e c i f i c  l u n a r  a r e a s ,  a n o t h e r  recommendation i s  
t o  e l i m i n a t e  t h e  l i g h t  con tamina t ion  e f f e c t s  caused  by t h e  
t e l e s c o p e  g u i d i n g  e r r o r s .  I n  t h i s  r e s p e c t ,  and s i n c e  a g i v e n  
s l i t  w id th  r e q u i r e d  i n c r e a s e s  a s  t h e  pho tomet r i c  t o l e r a n c e s  
become more s t r i n g e n t  and s e e i n g  ampl i tude  g e t s  l a r g e r ,  t h e  
e f f e c t s  would be c o n s i d e r a b l y  d imin i shed  by obse rv ing  w i t h  
small  s l i t  wid th  each t ime t h e  i n t e n s i t y  d i f f e r e n c e s  o f  
c o n t r a s t s  a r e  s m a l l  i n  t h e  l u n a r  r e g i o n s  observed .  With 
r e g a r d  t o  image d i s t o r t i o n ,  t h e  problem i s  a c c e n t u a t e d  i n  
t h e  s e n s e  t h a t  t h e  a t t e n u a t i o n  caused  by ou r  a tmosphere 
v a r i e s  w i t h  t h e  wavelength and o b s e r v i n g  t i m e .  For example,  
i n  t h e  range  0.411 + 2 . 5 ~  most o f  t h e  a b s o r p t i o n  i s  due t o  
w a t e r  vapor ,  w i t h  s e v e r a l  "windows" o c u r r i n g  i n  t h i s  r e g i o n ,  
and t h e  i n t e n s i t y  of t h e  a b s o r p t i o n  i n  t h e s e  r e g i o n s  i s  a 
f u n c t i o n  o f  t h e  w a t e r  vapor  c o n t e n t  o f  t h e  atmosphere.  

3 5  



Because of t h i s ,  i t  i s  d i f f i c u l t  t o  de t e rmine  w i t h  a c c u r a c y  
t h e  e a r t h  a tmosphe r i c  a b s o r p t i o n  c o e f f i c i e n t .  S t i l l  o t h e r  
t r o u b l i n g  f a c t o r s  a r e  t h e  a i r  mass v a r i a t i o n  i n  l a t i t u d e  and 
a l t i t u d e  of t h e  o b s e r v i n g  s i t e ,  t h e  more complex v a r i a t i o n  
o f  t h e  o v e r l y i n g  a i r  mass w i t h  t e m p e r a t u r e ,  d e g r e e  o f  humid i ty ,  
z e n i t h a l  d i s t a n c e  of  t h e  moon, a tmosphe r i c  t u r b u l e n c e ,  e t c .  
These make i t  much more d i f f i c u l t  t o  o b t a i n  a good accuracy  
on t h e  d e t e r m i n a t i o n  of t h e  c o e f f i c i e n t  a l r e a d y  mentioned.  

From t h e  r e a s o n s  exp la ined ,  one sees t h a t  a f i n a l  ea r th -  
based  d a t a  "observed  r e f l e c t e d  l i g h t  i n t e n s i t y  p l u s  a tmosphe r i c  
a t t e n u a t i o n "  n e v e r  e x a c t l y  reproduce  t h e  r e a l  i n t e n s i t y  of  
t h e  r e f l e c t e d  moonlight  b e f o r e  p e n e t r a t i n g  o u r  a tmosphere.  
A f i r s t  comparison between e x p o n e n t i a l  c u r v e s  of " e q u i v a l e n t  
a lbedo"  and S tanda rd  Lunar Photometr ic  Albedos cannot  a g r e e  i n  
s p i t e  of  c o r r e c t i o n s  made on o b s e r v a t i o n a l  d a t a .  This  can  be 
n o t i c e d  i n  F i g u r e  1 6  by observ ing  t h a t  the Standard Photometric 
Albedos a r e  s t i l l  g r e a t e r  t han  t h o s e  o f  o t h e r  e x p o n e n t i a l  
c u r v e s .  These S t a n d a r d  Lunar Pho tomet r i c  Albedos r e p r e s e n t  
a mean e s t a b l i s h e d  from o b s e r v a t i o n s  made by F e d o r e t z ,  Minnaer t  
and Gehre l s ;  Or lova  and Van Diggelen e s t a b l i s h e d  t h e  s a i d  
mean a f t e r  a n a l y z i n g  d a t a  cor responding  t o  a g r e a t  number o f  
c r a t e r  f l o o r s ,  mar i a  and c o n t i n e n t s  d i s t r i b u t e d  wide ly  
o v e r  t h e  l u n a r  d i s k .  The average  measurements of such  l u n a r  
f e a t u r e s  a r e  p r e s e n t e d  as b r i g h t n e s s  v e r s u s  phase  c u r v e s  
f o r  l o n g i t u d e s  O o ,  30' and 60'. The z e r o  o f  s a i d  l o n g i t u d e s ,  
which a re  a l s o  named "viewing a n g l e s  E , "  co r r e sponds  t o  
t h e  appa ren t  c e n t e r  of t h e  l u n a r  d i s k .  

The a d d i t i o n a l  a b s c i s s a  a x i s  o f  F i g u r e  16 ,  which was 
e x p l a i n e d  e a r l i e r ,  i s  necessa ry  f o r  t h e  comparison t h a t  w e  
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d i s c u s s  h e r e  because  of  t h e  d i f f e r e n t  d e f i n i t i o n s  between t h e  
S t a n d a r d  Lunar Pho tomet r i c  Albedos and A. . I n  o t h e r  words ,  
s i n c e  t h e  a b s o r p t i o n  o f  t h e  r e f l e c t e d  s u n l i g h t  by t h e  l u n a r  
m a t e r i a l  i s  n o t  r e p r e s e n t e d  i n  t h e  S t a n d a r d  Lunar Pho tomet r i c  
Contour ,  f o r  t h e  s a i d  comparison, i t  has  been n e c e s s a r y  t o  
p roceed  a s  f o l l o w s :  (1) For bo th  hemispheres  o f  Surveyor  
which have been p r e v i o u s l y  d e s c r i b e d ,  and f o r  some p o i n t s  
c o n s i d e r e d  i n  t h i s  r e p o r t  b u t  i n c l u d e d  i n  t h e  o b s e r v a t i o n s  
o f  F e d o r e t z ,  Minnaert  and G e h r e l s ,  one has  t a k e n  t h e  c o r r e s -  
ponding c o s i n e  o f  t h e  viewing a n g l e  E ;  t h i s  d a t a  cos  E , 
i s  a f f e c t e d  by a f a c t o r  of  1 0  i n  o r d e r  t o  match t h e  s c a l e  
adop ted  i n  F igu re  1 6 .  ( 2 )  Since e a r t h - b a s e d  o b s e r v a t i o n s  
a l b e d o s  a r e  w i t h  r e s p e c t  t o  A. , t h e  remain ing  q u a n t i t y  
o f  s u n l i g h t  which i s  r e f l e c t e d  a f t e r  a b s o r p t i o n ,  t h e n  t h e  
a d d i t i o n a l  a b s c i s s a  r e p r e s e n t s  t h e  s a i d  q u a n t i t y  of l i g h t  

( N / < )  t i T o / l O  cos  E l e f t  f r e e  and r e f l e c t e d  by t h e  l u n a r  
m a t e r i a l  a t  t h e  p o i n t  cons ide red  t h e  moon s u r f a c e .  (3)  To 
keep t h e  working s t y l e  o f  t h i s  r e s e a r c h ,  one has  adopted  the  
l o n g i t u d e  o f  Surveyor  a s  r e f e r e n c e  i n s t e a d  o f  t h a t  c o r r e s -  
ponding t o  t h e  a p p a r e n t  c e n t e r  o f  t h e  l u n a r  d i s k .  (Th i s  i s  
i n d i c a t e d  i n  Scheme VIII, where some p o i n t s  c o n s i d e r e d  i n  F i g u r e  
1 4  f o r  t h e  E a s t e r n  Hemisphere of Surveyor  a r e  a l s o  mentioned.)  

? Before  f u r t h e r  d i s c u s s i o n  and f o r  t h e  sake  o f  c l a r i t y ,  
i t  would be conven ien t  t o  r e c a l l  b r i e f l y  t h e  f o l l o w i n g  
f a c t s :  (1) The e x p o n e n t i a l  curve  o f  A. used  i n  t h e  cam- 
p a r i s o n  i s  a mean e s t a b l i s h e d  from F i g u r e s  1 0 ,  11 and 1 2 ;  t h e  
o n l y  d i f f e r e n c e  i s  t h a t  t h e  d i s c o n t i n u i t y  between t h e  r e l -  
a t i v e l y  f l a t  s u r f a c e s  and e l e v a t i o n s  has  n o t  been t a k e n  i n t o  
c o n s i d e r a t i o n .  ( 2 )  However, on t h e  e x p o n e n t i a l  cu rve  o f  A. 

shown i n  F igu re  1 6 ,  i t  has  been i n d i c a t e d  where d i s c o n t i n u i t y  
o c c u r s .  The maximums found on t h e  c u r v e s  co r re spond  t o  

. 
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c r a t e r s  and e l e v a t i o n s ,  and t h e  minimum cor re sponds  t o  t h e  
r e l a t i v e l y  f l a t  s u r f a c e s .  The agreement  i s  good between t h e  
two c u r v e s  i n  t h e  case of r e l a t i v e l y  f l a t  s u r f a c e s  and e l e v a -  
t i o n s ;  t h i s  i s  because  t h e  l i g h t  con tamina t ion  i s  l e s s  impor- 
t a n t  i n  e a r t h - b a s e d  o b s e r v a t i o n s  co r re spond ing  t o  t h e  l u n a r  
a r e a s  w i t h  a lmost  c o n s t a n t  topography.  The agreement  d i s -  
appea r s  l i t t l e  by l i t t l e  as t h e  l i g h t  con tamina t ion  caused  
by s i g n i f i c a n t  groups of  "smaller,  s m a l l  and medium" c r a t e r s  
becomes impor t an t .  However, t h e r e  i s  no agreement f o r  o t h e r  
s i z e  c a t e g o r i e s  of  c r a t e r s  b i g g e r  t h a n  t h o s e  a l r e a d y  c i t e d ;  
t h i s  i s  due t o  t h e  l i g h t  con tamina t ion  coming from r e l a t i v e l y  
f l a t  s u r f a c e s  i n s i d e  s i g n i f i c a n t  c r a t e r s .  

We s e e  t h a t  agreement sought  from d i r e c t  comparison 
between " e q u i v a l e n t  a lbedos"  and S tanda rd  Lunar Pho tomet r i c  
c u r v e s  can be summarized as f o l l o w s :  (1)  C o r r e l a t i o n  between 
e a r t h - b a s e d  o b s e r v a t i o n a l  a l b e d o s  and .A0 ; t h i s  mesfis t h a t  
t h e  o b s e r v a t i o n a l  a l b e d o s  must be  c o n s i d e r e d  w i t h  r e s p e c t  t o  
A0 as t h e  q u a n t i t y  o f  s u n l i g h t  l e f t  f r e e  and r e f l e c t e d  by 
t h e  moon a t  t h e  p o i n t  cons ide red .  ( 2 )  C o r r e c t i o n  o f  obse rva -  
t i o n a l  d a t a  of t h e  l i g h t  con tamina t ion  e f f e c t ;  t h i s  c o r r e c t i o n  
must b e  s e p a r a t e l y  done f o r  each of l u n a r  r e l i e f  f e a t u r e s .  
F i g u r e  1 6  c o n t a i n s  an a n a l y s i s  and d i s c u s s i o n  of  p o i n t s  (1)  
and ( 2 )  from which one can  r each  t h e  f o l l o w i n g  c o n c l u s i o n s :  
The agreement  i s  good concern ing  t h e  comparison e s t a b l i s h e d  
i n  p o i n t  ( 1 ) .  The l i g h t  Contaminat ion e f f e c t s  o f  p o i n t  ( 2 )  
p e r s i s t  i n  t h e  case of  c r a t e r s ;  such  an e f f e c t  becomes l e s s  
and l e s s  impor t an t  w i t h  t h e  presence  of groups o f  "smaller,  
s m a l l  and medium" c r a t e r s  and becomes markedly s t r o n g  i n  t h e  
c a s e  of  s i g n i f i c a n t  c r a t e r s .  
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The light contamination effects should be analyzed by 
comparing only the Standard Lunar Photometric contours with 
the exponential curves for craters. This has been done 
in Figure 1 7  and it appears that this comparison would 
give a best fit if our atmosphere were able to discriminate 
clearly the sunlight reflected by the inner relatively flat 
surfaces and rims of significant craters. In order to resolve 
the problem graphically illustrated in Figure 17, let us 
consider in SCHEME VI the arbitrary position P '  which is 
opposite P . A s  it is better shown in SCHEME IX, let us 
consider the imaginary triangle SUN-MOON-P' instead of that 
SUN-MOON-P. The previous analysis of the reflected sunlight 
will be imaginarily done at P '  , where there is no question 
about any atmospheric disturbance. With regard to the connec- 
tion between the practical point of view and this other analy- 
sis, let us proceed in the following way: 

(1) Determine from the lunar ephemerides the angle i 
corresponding to the position A of the moon, as shown in 
SCHEME IX. (2) For that ephemeric data, and after correction 
of the atmospheric refraction coefficient corresponding to 
the divers factors described by the refraction laws, determine 
the angle h between the reflected sunray and that coming 
directly from the sun toward the earth. (3) Check the values 
of and 1 by taking into consideration the angle j 
between the sunray going to the moon and that coming toward 
us (after have made for j the same type o f  correction for 
the atmospheric refraction coefficient). ( 4 )  Since the 
summations of ( i t  + + j '  = 180') and that of 
(i + P + 3 fi: 180') 
summations to get the coefficient defining the deviation 

fi 

P' , establish the difference between both P 
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caused by our atmosphere on the direction of the reflected 
ray of SCHEME IX. ( 5 )  To assign such a coefficient to the 
value of the viewing angle E as a function of that of i 
previously determined in (1). 

h 

In this way, if our atmosphere is not able to clearly 
discriminate the light contamination effects when observing 
different features of a given lunar area, we have at least 
now a new coefficient which defines the real direction that 
a given reflected sunray had before penetrating the earth's 
atmosphere. 
lunar material of the sunray before reflecting it and that 
deviation coefficient already cited, it is. possible to obtain 
a mean profile between two curves which can serve as reference 
for checking earth-based observational data. As is shown 
in Figure 18, the agreement between said curves is reached 
with the new abscissa axis ( N / c )  6T0/3/5 cos E when 
E < 4 5 O ,  o r  ( N / c )  6T0/3/5 sin E when E > 4 5 "  . This 
Coefficient 3/5 is a mea= e s t a b l i s h e d  from t h e  same observa- 
tions made by Fedoretz, Minnaert and Gehrels and corresponding 
to the points considered in this research. 
a perfect fit of the curves in Figure 18 is preferred, instead 
of a mean profile, then it is recommended that the operations 
described above in (l), ( Z ) ,  ( 3 ) ,  ( 4 )  and ( 5 )  be repeated 
for at least 3 different positions of the moon, such as A ,  

A ' ,  A" in SCHEME IX, during a same observing night and, better 
yet, to make the observations on three nights. Then the final 
plot in Figure 18 would be done with the mean from the 3 
values of the atmospheric refraction coefficient. 

With the knowledge o f  the absorption by the 

h 

A 

However, if 

As a conclusion, the fit above between the "equivalent 
albedo" and the Standard Lunar Photometric curves constitutes 
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a good method for precisely measuring slopes from lunar surface 
photographs to overcome the lunar area considered under two 
different illumination conditions, preferably with opposite 
phase angles. With regard to the albedo determinations from 
Orbiter photographs, it would be advisable to first correlate 
the stereo compilation and the photometric reduction with 
the low resolution photography and extrapolate the results 
to high resolution image. After this, the albedos obtained 
can be analyzed within the explanation o f  Figure 18. 
type o f  analysis will provide valuable information for carto- 
graphic support at a time in which all data reduction tools 
will be pressed to their limits. 

This 

r 

L- 
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Chapter  7 

CRATERS WHICH APPEAR INCONVENIENT FOR B E I N G  
EXPLORED BY THE ASTRONAUT 

The Ranger ,  Surveyor  and O r b i t e r  photographs  do n o t  
i n d i c a t e  any unduly hazardous a s p e c t s  o f  t h e  l u n a r  c r a t e r s  
which c a u s e  a s t r o n a u t s  t o  avoid  them; on t h e  c o n t r a r y ,  t h e y  
appear  as i n a c t i v e  c ra te rs  on t h e  l u n a r  photographs .  The 
d i f f e r e n c e  i n  a lbedo  A 0  from o u t s i d e  t o  t h e  c r a t e r s '  c e n t e r s ,  
however, shows t h a t  some of them a r e  n o t  "dead c r a t e r s "  and t h a t  
t h e i r  d i s t r i b u t i o n  on t h e  l u n a r  sur face  i s  r e l a t e d  t o  t h e  
o r i g i n  and e v o l u t i o n  of t h e  groups  e s t a b l i s h e d  i n  F i g u r e  1 0 .  

A s  d e s c r i b e d  p r e v i o u s l y ,  such d i s t r i b u t i o n  was found w i t h  
c h a r a c t e r i s t i c s  similar t o  t h a t  d e f i n e d  by e x p o n e n t i a l  c u r v e s .  
I n  a s i m i l a r  manner, i t  has been found t h a t  o r i g i n  and 
e v o l u a t i o n  o f  t h e s e  groups a r i s e  from t h e  e x i s t e n c e  o f  two 
famil ies  of  c r a t e r s ;  t h e s e  two f ami l i e s  appea r  d i f f e r e n t .  
In  o r d e r  t o  d e f i n e  t h e  l u n a r  e x p l o r a t i o n s  t h a t  t he  a s t r o n a u t  
i s  supposed t o  do, l e t  us d i s c r i m i n a t e  t h e  inconven ien t  
c r a t e r s  i n  t h e  f o l l o w i n g  way: 

The g r a d u a l  change i n  a lbedo  a l o n g  a l i n e  from a p o i n t  
o u t s i d e  o f  a c r a t e r  t o  t h e  c e n t e r  of a c r a t e r ,  a s  shown i n  
Scheme V I I ,  may be measured f o r  a l l  c r a t e r s  s i t u a t e d  w i t h i n  
t h e  ridge-rimmed e l l i p t i c a l  a r e a  where Surveyor  l anded  
and may be compared w i t h  t h a t  o f  F lamsteed .  T h i s  h a s  been 
done f o r  t h e  l u n a r  a r e a s  mentioned e a r l i e r ;  t h a t  i s ,  f o r  2 5 "  
on b o t h  s i d e s  o f  S u r v e y o r ' s  l o n g i t u d e  and f o r  t h e  l a t i t u d e  
r ange  going  from 0"  t o  i 1 2 ' .  Without d i s t i n c t i o n  o f  g r o u p s ,  
t h e  c r a t e r s  o f  t h i s  l u n a r  a r e a  c a n  be a l i g n e d  a c c o r d i n g  
t o  t h e  d i r e c t i o n s  which a r e  d i r e c t l y  sugges t ed  by t h e  l u n a r  
map. Af t e r  t h i s ,  l i n e s  of  c r a t e r s  can  be j o i n e d  a c c o r d i n g  
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Example of  t h e  D i s t r i b u t i o n  o f  t h e  Lunar Craters  
(I,II,III,...,VI, groups  o f  F i g .  1 0 )  

. 
t o  t h e i r  r e s p e c t i v e  convergences ,  t h e  f i n a l  convergence  be ing  
marked by t h e  a l ignmen t  o f  smal l  c r a t e r s .  F i n a l l y ,  i d e n t i f i -  
c a t i o n  o f  t h e  d i f f e r e n t  groups o f  c r a t e r s  i n  F i g u r e  1 0  c a n  
be made by u s i n g  t h e  d i f f e r e n c e  i n  A0 ment ioned above.  
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An example of t h i s  procedure  i s  shown i n  Diagram I f o r  
l u n a r  s u r f a c e  ana lyzed  between 20"W and 44"W and f o r  l a t i t u d e s  
going  f rom -5" t o  +1l0. (Although t h e  s e l e n o g r a p h i c  c o o r -  
d i n a t e s  of  Surveyor  a r e  i n d i c a t e d  i n  Diagram I ,  t h e  d i f f e r e n c e  
i n  A. a r e  r e f e r r e d ,  a s  i n d i c a t e d  above,  t o  t h e  d i f f e r e n c e  

1 i n  A. cor re spond ing  t o  F lamsteed . )  

For t h e  l u n a r  a r e a  of  2 5 "  on b o t h  s i d e s  o f  S u r v e y o r ' s  
l o n g i t u d e  and f o r  t h e  l a t i t u d e  r ange  going  from 0" t o  + 1 2 O ,  

t h e  r e s u l t s  of  t h e  a n a l y s i s  can be summarized a s  f o l l o w s :  
(1 )  The c u r v e s  shown i n  Diagram I a l s o  appear  i n  t h e  Western 
Hemisphere b u t  t h e y  evo lve  i n  an  o p p o s i t e  s e n s e .  ( 2 )  F o r  a l l  
c u r v e s ,  t h e  convergences  seem t o  occur  a t  abou t  t h e  l a t i t u d e  
co r re spond ing  t o  t h e  c e n t e r  of  Oceanus P r o c e l l a r u m .  On t h e  
E a s t e r n  Hemisphere,  t h e y  a r e  d i r e c t e d  toward Copern icus  b u t  
s l i g h t l y  mod i f i ed  i n  t h e i r  p a t h  by t h e  p r e s e n c e  of  Kepler .  
On t h e  Western Hemisphere,  t hey  a r e  d i r e c t e d  toward  C a v a l e r i u s  
aiid t h e i r  p a t h  i s  a l s o  s l i g h t l y  mzd i f i ed  by t h e  p r e s e ~ c e  of 
R e i n e r .  ( 3 )  The ex t remes  of cu rves  end s u c c e s s i v e l y  a t  c r a t e r s  
which a r e  approx ima te ly  s i t u a t e d  a long  t h e  l o n g i t u d e  t h a t  r u n s  
th rough  t h e  c e n t e r  of Oceanus P roce l l a rum;  t h e  l a s t  c u r v e ,  i n  
each  hemisphere of t h i s  c e n t e r ,  has  ends a t  A r i s t a r c h u s ,  w h i l e  
t h e  o t h e r  extreme ends i n  t h e  c e n t e r  of a t r i a n g l e  formed by 
Gassendi ,  Mersenius  and Zupus. One may n o t i c e  t h a t  conve r -  
gences  a t  Flamsteed shown i n  Diagram I a r e  o n l y  a r e s u l t  of 
t a k i n g  t h a t  c r a t e r  a s  a r e f e r e n c e  p o i n t .  A c t u a l l y ,  t h e  
ex t remes  always end on c r a t e r s ,  s i t u a t e d  i n  t h e  l o n g i t u d e  
c i t e d ,  and Flamsteed i s  l o c a t e d  i n  t h i s  l o n g i t u d e .  

For  Oceanus Proce l la rum,  l u n a r  c r a t e r s  do n o t  show any 
m e t e o r i t e  impact o r i g i n ,  as i s  c la imed by many a u t h o r s .  
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T h e i r  e v o l u t i o n ,  which w i l l  be  d i s c u s s e d  soon,  a l s o  does n o t  
i n d i c a t e  subsequent  m o d i f i c a t i o n  by impacts  of m e t e o r i t e s .  
From t h e  f i n d i n g  of two f a m i l i e s  w i t h  t h e i r  co r re spond ing  
groups  of  c r a t e r s ,  t h e  fo l lowing  i s  a p p a r e n t :  (1)  The 
o r i g i n  of  l u n a r  c r a t e r s  seems due t o  i n t e r n a l  and a lmost  s u p e r -  
f i c i a l  e x p l o s i o n s .  The fami ly  composed of groups I ,  I1 and 
I11 i s  due t o  t h e  f i r s t  type of e x p l o s i o n .  Because t h e  
i n n e r  m a t e r i a l  i s  more o r  l ess  e j e c t e d  on t h e  l u n a r  s u r f a c e ,  
t h e s e  groups  of  c r a t e r s  o f t e n  have r a y s  which c o n s i s t  o f  
m a t e r i a l  t h a t  r e f l e c t s  more s u n l i g h t  t h a n  i t  a b s o r b s .  The 
f a m i l y  composed o f  groups  I V ,  V and V I  i s  due t o  t h e  second 
t y p e  of e x p l o s i o n ;  t h e  m a t e r i a l  e j e c t e d ,  n o t  t o o  f a r  from 
t h e  c r a t e r ' s  c e n t e r ,  comes from a r e l a t i v e l y  s m a l l  d e p t h  
and t h i s  i s  t h e  r eason  t h a t  such  c r a t e r s  a r e  n o t  r ayed  and,  
t h e r e f o r e ,  adsorb  more s u n l i g h t  t h a n  t h e y  r e f l e c t .  ( 2 )  I f  
e x p l o s i o n s  a r e  sma l l  b u t  numerous i n  a v e r y  t h i c k  l a y e r ,  
t h e n  t h e  r e s u l t i n g  "bubbl ing e f f e c t "  would form a t remen- 
dous q u a n t i t y  of "minute ,  v e r y  s m a l l  and s m a l l e r "  c r a t e r s  on 
t h e  l u n a r  s u r f a c e .  
weak and a lmost  s u p e r f i c i a l  a c t i v i t y  may cause  c o l o r a t i o n  
changes  ( b r i g h t e n i n g  o r  darkening)  on t h e  s u r f a c e ;  t h i s  would 
e x p l a i n  t h e  two c a s e s  Ar and As p r e v i o u s l y  d e s c r i b e d .  

S ince  t h e  moon i s  n o t  a "dead body", a 

With r e g a r d  t o  t h e  e v o l u t i o n  o f  c r a t e r s ,  a g r a p h i c a l  
r e p r e s e n t a t i o n  i s  given i n  F i g u r e  1 9  f o r  some examples of  
c r a t e r s  cons ide red  i n  F igure  1 4 .  The word "evo lu t ion"  used  
h e r e  i s  n o t  r e l a t e d  t o  t h e  age b u t  t o  t h e  way i n  which c r a t e r s  
were formed wi th  r e s p e c t  t o  t h e  s t r e n g t h  of  m a t e r i a l  e j e c t i o n  
and e j e c t i o n  ang le  w i t h  r e s p e c t  t o  t h e  l u n a r  s u r f a c e .  Judg-  
i n g  from F igure  1 9 ,  t h e  s i z e  does n o t  n e c e s s a r i l y  co r re spond  
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t o  t h e  sequence  groups  I ,  I 1  and I11 o r  IVY V and V I  i n  t h e  
f a m i l i e s  shown. The impress ion  i s  t h a t ,  f o r  t h e  f a m i l y  of 
groups I ,  I1 and  111, such  e v o l u t i o n  has  been a s  f o l l o w s :  
(1) I f  t h e  s t r e n g t h  of  e j e c t i o n  m a t e r i a l  i s  s t r o n g  and t h e  
s a i d  m a t e r i a l  has  been e j e c t e d  a t  an  a n g l e  n e a r l y  normal t o  
t h e  l u n a r  s u r f a c e ,  t h e  r e s u l t i n g  c r a t e r  i s  bo th  l a r g e  and has  
l a r g e  e x t e n s i o n s  of m a t e r i a l  r a d i a t i n g  f rom i t s  r i m s ;  examples 
a r e  Copern icus ,  Kepler  and A r i s t a r c h u s .  ( 2 )  I f  t h e  s t r e n g t h  
of e j e c t i o n  m a t e r i a l  i s  s t r d n g  b u t  t h e  a n g l e  i s  l e s s  i m p o r t a n t  
t h a n  t h a t  of ( l ) ,  t h e  c r a t e r  would always be l a r g e ,  b u t  n o t  
have such e x t e n s i v e  r a y s ;  t h i s  i s  t h e  c a s e  of  t h e  c r a t e r  
E u l e r .  ( 3 )  I f  t h e  s t r e n g t h  o f  e j e c t i o n  m a t e r i a l  i s  modera te  
and t h e  e j e c t i o n  o c c u r s  a t  medium a n g l e ,  t h e  r e s u l t i n g  c r a t e r  
would n o t  be a s  l a r g e  and i t s  r a y s  would n o t  go f a r  from t h e  
r i m s ;  Kepler  C i s  a good example. I n  r e l a t i o n  t o  t h e  f a m i l y  
of  groups I V Y  V and V I ,  t h e  e x p l a n a t i o n  above would be t h e  
same w i t h  t h e  d i f f e r e n c e  being t h a t  t h e  e j e c t e d  m a t e r i a l  
comes from a r e l a t i v e l y  sha l low d e p t h .  
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I n  c o n c l u s i o n ,  t h e  " e q u i v a l e n t  a lbedo"  o b t a i n e d  i n  t h i s  
t h i r d  r e p o r t  i n d i c a t e s  t h a t  t h e  a s t r o n a u t  shou ld  n o t  e x p l o r e  
c e r t a i n  t y p e s  of c r a t e r s .  I t  i s  d i f f i c u l t  t o  s a y  i n  what way 
h i s  l i f e  might  be exposed t o  dange r s ,  b u t ,  from t h i s  a n a l y s i s ,  
i t  appea r s  t h a t  t h e  groups  I ,  I1 and I11 of c r a t e r s  a r e  n o t  
comple t e ly  e x t i n g u i s h e d  a s  y e t .  A l s o ,  t h e  s m a l l e r  c r a t e r s  
d e s i g n a t e d  by Ar and As must be avo ided  s i n c e  they  seem 
t o  be a s i g n  of some weak, b u t  a lmost  c o n s t a n t ,  l u n a r  a c t i v i t y  
f a i r l y  c l o s e  t o  t h e  s u r f a c e .  Th i s  i s  a l s o  i n d i c a t e d  i n  
F i g u r e  2 0 ,  where groups  of the f i r s t  f a m i l y  show a d e c r e a s i n g  
" e q u i v a l e n t  a lbedo"  from t h e  p e r i p h e r y  i n  toward t h e  c e n t e r .  
Also ,  w i t h  r e s p e c t  t o  t h e  cases  Ar and As , one s e e s  i n  
F i g u r e  2 1  t h a t  t h e y  a r e  j u s t  between t h e  two f a m i l i e s  of 
c r a t e r s  a l r e a d y  mentioned.  I d e n t i f i c a t i o n  of rayed  c r a t e r s ,  
i n c l u d i n g  Ar and AS c r a t e r s  p r i o r  t o  t h e  l aunch  of t h e  
manned s p a c e c r a f t ,  can be made by u s i n g  t h e  p rocedure  
e x p l a i n e d  i n  F igu re  1 5 .  

4 7  



PROGRAM RECOMMENDED TO ASSIST THE 
NASA LUNAR APOLLO PROGRAM 

A s  r e l a t e d  i n  t h e  p reced ing  Repor t s  1 and 2 ,  and a l s o  
d e s c r i b e d  i n  t h i s  r e p o r t ,  t h e  aim of  t h i s  r e s e a r c h  i s  t o  a s s i s t  
NASA i n  i t s  e f f o r t s  t o  s e l e c t  t h e  s a f e s t  a r e a  f o r  l a n d i n g  a 
manned s p a c e c r a f t  on t h e  l u n a r  s u r f a c e .  The f a c t  t h a t  it i s  
a q u e s t i o n  of  a manned s p a c e c r a f t  has  made i t  n e c e s s a r y  t o  
a t t e m p t  t o  o b t a i n  t h e  most p r e c i s e  a n a l y s i s  p o s s i b l e  of  l u n a r  
photographs  b e f o r e  p r e p a r i n g  f i n a l  recommendations on t h i s  
s u b j e c t .  Hence, t h e  r a t i o n a l e  f o r  a p r e c i s e  method of d a t a  
r e d u c t i o n ,  t o  a n a l y z e  t h e  behavior  o f  l u n a r  t e m p e r a t u r e ,  t h e  
l u n a r  morphology, p e c u l i a r i t i e s  o f  s p e c i f i c  s u r f a c e  t o p o g r a p h i c  
f e a t u r e s  and ,  f i n a l l y ,  t o  de te rmine  as much a s  p o s s i b l e  about  
t h e  composi t ion  o f  t h e  p o t e n t i a l  l a n d i n g  s i t e s  was developed .  
A f t e r  t h e  c o n c e p t i o n . o f  t h e  method f o r  e x t r a p o l a t i n g  d a t a  by 
u s i n g  t h e  s u c c e s s i v e  t r a n s f o r m a t i o n s ,  and i t s  d i r e c t  a p p l i c a -  
t i o n  t o  t h e  s t c d y  o f  l c ~ a r  t empera tu re  and su r face  compos i t ion ,  
l u n a r  photography a n a l y s e s  w i l l  be  completed w i t h  s p e c i f i c  
s p e c t r a l  pho tomet r i c  and p o l a r i m e t r i c  i n t e r p r e t a t i o n s  f o r  
i n t e r e s t i n g  l u n a r  l a n d i n g  s i t e s .  

To a s s i s t  t h e  Nasa Lunar Apol lo  Program, t h e  "Success ive  
Trans fo rma t ion  Method" h a s  been a p p l i e d  t o  t h e  s t u d y  of  
Ranger ,  Surveyor  and O r b i t e r  photographs  f o l l o w i n g  t h e  
p a t t e r n  shown below: 

F i r s t  P a r t :  ( I )  - General development o f  t h e  new d a t a  e x t r a p o -  
l a t i o n  method (comple ted) .  (11) - F i r s t  a p p l i c a -  
t i o n  t o  s t u d y  t h e  v a r i a t i o n  o f  behav io r  of  t h e  
l u n a r  s u r f a c e  t empera tu re  ( comple t ed ) .  (111) - 
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Second a p p l i c a t i o n  t o  t h e  s t u d y  o f  t h e  compos i t ion  
o f  t h e  l u n a r  m a t e r i a l  ( comple t ed ) .  I V )  - Addendum: 
Tes t  o f  t h e  d a t a  e x t r a p o l a t i o n  method p r o c e d u r e  
by l o c a l i z i n g  Surveyor on t h e  l u n a r  s u r f a c e  and ,  
a l s o ,  by showing tha t  a n  O r b i t e r  I1 photograph  
a t t r i b u t e d  t o  Copernicus c o r r e s p o n d s  t o  Kep le r .  

Second P a r t :  (V) - A n a l y s i s  o f  t h e  Ranger ,  Surveyor  and 
O r b i t e r  photographs  u s i n g  t h e  r e s u l t s  o b t a i n e d  
from s t e p s  (11) and (111). ( V I )  - D e t a i l e d  
s t u d y  of t h e  s e l e c t e d  l a n d i n g  s i t e s  of  NASA 
u t i l i z i n g  t h e  r e s u l t s  o b t a i n e d  from s t e p s  (11), 
(111) and ( V ) .  ( V I I )  - Using t h e  r e s u l t s  
o b t a i n e d  from s t e p s  (11), (111), (V) and ( V I ) ,  
p r e p a r a t i o n  of  recommendations f o r  t h e  l a n d -  
i n g  of  t h e  s p a c e c r a f t  and f o r  t h e  a s t r o n a u t .  

( V I I I )  -. Addendum: To o b t a i n  a d d i t i o n a l  in forma-  
t i o n  such  a s  us ing  l u n a r  s p e c t r a l  pho tomet r i c  

t h e  recommendations f u r n i s h e d  by s t e p  ( V I I ) .  

and p o l a r i -  +-;P n h r n v ~ r - ~ + i n n c  i n  nrr la r  t o  perfect 
lllC L l  A L  W U J b L  V U C I V I A J  1 1 1  W L  U U L  

Y 
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